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REPORT    OF    THE    CHIEF  OF  ORDNANCE. 


War  Department,  Ordnince  Office, 

Washington,  October  13,  1885. 

Sir:  I  bave  the  honor  to  submit  the  following  report  of  the  priacipal 
operations  of  the  Ordnance  Department  daring  the  fiscal  year  ended 
Jane  30, 1885,  with  such  remarks  and  recommendations  as  the  interests 
of  this  branch  of  the  military  service  seem  to  require. 

The  fiscal  resources  and  expenditures  of  the  Department  during  the 
year  were  as  follows,  viz: 

Amoant  in  the  Treasury  to  the  credit  of  the  appropriations  on  Jnne 

30,  lJy<4 $413,490  68 

Amonm  in  the  Treasury  not  reported  to  the  credit  of  the  appropriations 

on  June  30, 1B84 7,545  43 

A.moant  in  Govomment  depositories  to  the  credit  of  disbursing  officers 

and  others  on  June  30,  1884 209.007  50 

Amonot  of  appropriations  for  the  service  of  the  fiscal  year  ended  June 

•30,1-^ 1,92S,844  02 

Amount  refunded  to  ordnance  appropriations  In  settlement  of  acconnt-s 

duriiig  the  year  ended  Jnne  30, 18^5 9, 5^41  61 

Gross  amount  received  during  the  fiscal  year  ended  June  30,  1885,  from 
sales  to  officers ;  from  rents ;  from  collections  from  troops  on  account 
of  losses  of,  or  damage  to,  ordnance  stores;  from  Chicago,  Rock 
Island  and  Pacific  Railroad  Company;  from  powder  and  projectiles 
(proceeds  of  sales) ;  from  sales  of  condemned  stores ;  from  testing 
machine,  and  from  all  other  sources  not  before  mentioned 160, 026  65 

Total 2,728,455  84 


Amonnt  of  expenditures  during  the  fiscal  year  ended  June  30,  1885,  in- 
cluding expenses  attending  sales  of  condemned  stores,  powder,  and 
projectiles,  &c 1,831,674  83 

Amonnt  deposited  in  Treasury  during  the  fiscal  year  ended  Jnne  30, 

1885,  as  proceeds  of  sales  of  Government  property 119, 819  62 

Amonnt  transferred  from  ordnance  appropriations  in  settlement  of  ac- 
counts during  the  fiscal  year  ended  June  30,  1885 1, 592  31 

Amonnt  turned  in  to  the  surplus  fund  on  June  30,  1885 2, 290  21 

Amonnt  in  Government  depositories  to  the  credit  of  disbursing  officers 

and  others  on  June  30, 18ai 233,565  74  / 

Amount  in  the  Treasury  not  reported  to  the  credit  of  appropriations  / 

on  Jnne  30,  1885 6,819  21 

Amount  in  the  Treasury  to  the  credit  of  appropriations  on  Jtine  30,  / 

18^ 532,693  92  / 


Total 2,728.455  84 

III 
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IV  REPORT   OF   THE   CHIEF   OF   ORDNANCE. 

STATIONS  AND  DUTIES. 

The  stations  and  duties  of  the  officers  of  the  Ordnance  Department 
are  as  follows:  Foar  at  the  Ordnance  Office;  thirty-nine  at  the  arsenals, 
armory,  and  powder  depots ;  nine  on  the  Ordnance  Board  and  at  the 
foandries;  six  at  the  several  military  headquarters  and  ordnance  depots; 
four  at  the  Military  Academy ;  one  under  the  orders  of  the  Secretary 
of  the  Interior ;  one  in  the  Life-Saving  Service,  under  the  Secretary  of 
the  Treasury.  To  fill  the  vacancy  caused  by  the  death  of  Maj.  S.  O- 
Lyford,  Second  Lieut.  S.  B.  Stuart,  First  United  States  Artillery,  was 
transferred  to  the  Ordnance  Department,  after  having  passed  a  satis- 
factory examination  as  required  by  law. 

The  Ordnance  Department  provides  the  armament  for  our  sea-coast 
defenses,  and  arms  and  other  ordnance  stores  for  the  Army,  the  militia, 
the  Marine  Corps,  all  other  Executive  Departments  to  protect  public 
money  and  property,  and  the  forty  colleges  authorized .  by  law  to  re- 
ceive them  for  instruction. 

SMALL- ARMS. 

During  the  fiscal  year  ended  June  30,  1885,  40,657  rifles,  carbines, 
and  shotguns  have  been  manufactured  at  the  National  Armory.  Re- 
pairing arms,  providing  spare  parts,  making  swords,  sabers,  and  mis- 
cellaneous articles  must  be  mentioned  as  among  its  operations. 

The  Lee,  Chaffee-Reece,  and  Hotchkiss  magazine  rifles  have  been  in 
the  hands  of  troops  for  trial  during  the  year,  and  the  results,  when  all 
are  received,  will  be  specially  reported  on. 

One  thousand  rod-bayonet  rifles,  new  model,  with  improved  sightSf 
are  also  in  the  hands  of  troops  for  trial. 

RIFLE  PRACTICE. 

The  gold  and  silver  medals  offered  as  rewards  for  successful  marks- 
manship in  the  annual  department  and  division  rifle  contests  have,  as 
usual,  been  issued  to  the  different  headquarters  in  advance  of  the  date 
of  the  contests,  thus  insuring  their  early  delivery  to  the  fortunate  com- 
petitors. 

During  the  year  the  bronze  Marksman's  pin  and  Sharpshooter's  cross, 
formerly  furnished  the  soldier  as  a  reward  for  proficiency  attained  in 
practice  with  his  company,  and  as  a  distinguishing  mark  of  his  superior 
skill  in  the  use  of  the  rifle,  have  been  replaced  with  pins  and  badges  of 
silver,  of  somewhat  similar  design,  but  much  more  finished  workman- 
ship. The  greatly  increased  value  which  these  decorations  now  possess 
in  the  estimation  of  the  soldier  has  shown  the  propriety  of  the  change. 

In  my  last  report,  it  was  stated  that  Capt  S.  E.  Blunt,  Ordnance  De- 
partment, then  chief  ordnance  officer  and  inspector  of  rifle  practice  of 
the  Department  of  Dakota,  wa^  preparing,  under  my  direction  and  in 
ocordance  with  your  authority,  a  new  work  upon  target  practice  for 
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the  Army.  Captain  Slant  has  since  been  transferred  to  the  head- 
qnarterB  of  the  Army  as  Inspector  of  rifle  practice,  and  the  new  manual, 
after  having  been  approved  by  the  Secretary  of  War,  was  brought  out 
and  introduced,  and  is  now  the  authorized  guide  for  the  Army.  As  a 
work  apon  rifle  and  carbine  firing,  both  in  the  scientific  details  of  the 
subject  and  in  the  manner  in  which  it  deals  with  the  more  practical 
steps  of  the  soldier's  instruction,  from  the  unskilled  recruit  to  the  ex- 
pert marksman,  it  seems  to  be  all  that  can  be  desired.  The  skirmish  . 
firing  introduced  by  it  as  an  important  element  in  determining  the  com- 
position of  the  selected  teams  of  marksmen^  has  developed  in  the  soldier 
the  habit  of  a  prompt  estimation  of  his  distance  from  his  mark  and  an 
aeeuracy  and  rapidity  of  fire  that  will  very  greatly  increase  his  effi- 
ciency in  battle. 

The  great  interest  taken  by  the  Army  in  rifle-firing  has  led  to  an  in- 
creased demand  for  the  different  materials  requisite  for  practice,  and 
the  Department  has  fortunately  been  able  to  furnish  liberal  supplies,  so 
that  the  rifle-ranges  at  the  different  posts  are  now  better  equipped  than 
at  any  previous  time. 

THE  MILITIA. 

It  is  hardly  necessary  to  do  more  than  refer  in  a  cursory  way  to  the 
great  Deed  of  larger  appropriations  for ''  arming  and  equipping  the  whole 
body  of  the  militia,"  or  even  a  reasonable  fraction  of  it.  If  the  Gen- 
eral  Government  intends  keeping  the  militia  up  to  the  highest  practica- 
ble standard,  as  the  main  armed  force  of  the  country,  then  the  amount 
deemed  sufficient  in  1808  must  be  greatly  increased.  If  this  most  im- 
(k>rtant  duty  is  to  be  performed  by  the  individual  States,  then  the  fact 
should  be  decided  aud  proclaimed,  that  the  responsibility  rest  upon  the 
proper  shoulders.  One  thing  is  certain,  that  more  uniform  and  liberal 
methods  and  direct  responsibility  should  be  resorted  to,  to  place  on  an 
efficient  footing  the  militia  and  volunteer  organizations  of  all  the  States. 

And  in  this  connection  I  beg  leave  to  call  attention  to  the  absolute 
necessity  of  the  proper  organization  of  the  militia  force  of  the  District 
of  Columbia.  Some  of  its  organizations,  in  drill,  discipline,  and  effici- 
ency, are  not  surpassed  by  any  in  the  country,  and  yet  the  armed  force 
is  divided  into  separate  and  distinct  bodies  without  a  common  superior. 
The  interests  at  stake  in  the  capital  of  the  nation  call  for  such  an 
armed  force  to  be  kept  well  in  hand  under  one  commander,  ready  for 
effective  service  at  a  moment's  notice.  It  is  not  for  me  to  decide  whether 
the  laws  now  in  the  statnte  book  are  sufficient,  but  the  gravity  of  the 
matter  seems  to  call  for  legislative  and  executive  action. 

UNITED  STATES   TESTING  MACHINE. 

The  commanding  officer  of  Watertown  Arsenal  has  made  hia  report 
of  tests  of  iron,  steel,  and  other  materials  for  industrial  purposes  for 
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the  papSt  fiscal  year.  The  report  will  be  submitted  to  yoa  for  transmis- 
sion to  Congress  at  the  opening  of  the  next  session,  as  required  by  law. 

In  previous  reports,  the  views  of  this  office  were  given  as  to  the 
requirements  of  the  General  Gk)vernment  in  this  regard,  and  the  de- 
mand for  additional  facilities  to  meet  the  necessities  of  the  public  service 
and  of  private  enterprise. 

The  machine  cannot  at  present  do  all  that  is  required  by  the  public 
service,  and  series  of  tests,  of  great  importance  to  the  Government,  have 
been  and  are  being  delayed,  because  the  work  to  be  done  is  far  more  than 
one  machine  can  accomplish.  A  smaller  machine,  that  would  relieve  the 
present  one  of  most  of  the  tests  of  small  specimens,  should  be  the  first 
step,  but  the  day  is  not  far  distant  when  the  interests  of  the  country  will 
.  require  still  greater  facilities,  and  in  more  than  one  locality.  Larger 
appropriations  for  using  the  machine  and  providing  the  necessary  cler- 
ical labor  are  absolutely  essential. 

BOARD  ON  FORTIFICATIONS  OR  OTHER  DEFENSES. 

In  the  last  fortification  bill  a  Board  was  provided  for,  to  "examine 
and  report  at  what  ports  fortifications  or  other  defenses  are  most  urgently 
required,  the  character  and  kind  of  defenses  best  adapted  for  each,  with 
reference  to  armament,"  and  "  the  utilization  of  torpedoes,  mines  or 
other  defensive  appliances,''  and  the  Executive  order  of  May  12, 1885, 
gave  effect  to  this  legislation. 

All  that  is  needed  to  place  our  defenses  in  proper  condition  is  time 
and  money,  but  both  time  and  money  are  vital  factors.  Time  without, 
money  or  money  without  time  will  efi;ect  nothing.  It  will  be  a  costly 
undertaking,  not  to  be  accomplished  in  a  year  or  in  five,  as  every  nation 
in  Europe  well  understands  from  experience;  but  if  it  is  to  be  done  (and 
the  doubters  are  few),  the  sooner  we  begin  the  better.  That  this  Board 
will  present  a  plain  unvarnished  statement  that  will  carry  conviction  is 
to  be  expected,  and  it  is  hoped  that  Congress  will  rise  to  the  occasion 
and  give  the  necessary  legislation  and  appropriation. 

ARMAMENT  OF  FORTIFICATIONS. 

* 

Pro£:ress  in  the  manufacture  of  the  several  experimental  cannon,  un- 
dertaken in  accordance  with  the  provisions  of  the  act  of  March  3, 1883, 
has  been  so  much  retarded  the  past  year  that  up  to  the  date  of  this 
report  only  the  12-inch  M.  L.  rifled  mortar  and  the  12-inch  B.  L.  rifle, 
cast  iron,  have  been  received  at  the  proving  ground. 

The  12-inch  M.  L.  rifled  mortar  was  completed  the  last  of  November, 
1884,  and  though  turned  over  to  the  Quartermaster  Department  for 
transportation  to  Sandy  Hook  on  December  11, 1884,  it  was  not  received 
at  the  proving  ground  until  March  12,  1885,  being  three  months  in 
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transit  between  Boston  and  I^ew  York.  A  full  description  of  this  piecei 
with  a  history  of  its  manafactare,  is  contained  in  Appendix  25,  here- 
with. 

JSxperimental  Firings  of  12-inch  M.  L.  Rifled  Mortar. 

From  the  results  of  the  trials  last  year  with  two  exi>erimental  10-inch 
M.  L.  rifled  mortars — see  Appendix  17,  Report  of  Ohief  of  Ordnance, 
1884 — the  Department  had  been  led  to  select  the  Eureka  sabot  for  the 
12-inch  mortar  shell ;  and  from  further  information  gained  in  those  trials 
it  was  enabled  to  determine  approximately  the  dimensions  for  the  sabot 
and  the  character  of  the  powder  to  be  used.  Actual  firings  with  the 
12-incii  mortar  were  necessary,  however,  to  determine  definiteljyr  these 
questions  of  sabot  and  powder.  Accordingly,  before  turning  the  mortar 
over  to  the  Board  for  Testing  Bifled  Gannon,  appointed  under  the  act 
of  July  5,  1884,  the  Ordnance  Board  was  directed  to  make  some  pre- 
liminary firings,  with  these  objects  in  view. 

Under  the  supervision  of  the  Ordnance  Board  the  mortar  has  been 
fired  44  rounds,  by  means  of  which  the  Board  has  been  enabled  to  ar- 
rive at  definite  conclusions  regarding  the  forms  of  sabot  and  natures  of 
powder  that  appear  suitable  for  the  test  of  the  piece.  One  form  of  sabot 
is  adapted  to  the  use  of  the  same  powder,  with  either  full  or  half 
charges;  and  another  form  to  the  use  of  a  slow  powder  with  full 
charges,  and  a  quick  powder  with  reduced  charges.  The  results  obtained 
in  these  preliminary  firings  are  given  in  Appendix  20,  and  from  which 
the  following  is  an  extract : 
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The  following  results  also  were  obtained : 
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I^othing  was  determined  as  to  the  accaraey  of  fire  in  these  prelimi- 
nary trials.  That  is  a  matter  to  be  determined  by  the  Board  for  Testing 
Eifled  Gannon  who  now  have  the  mortar  in  hand  for  test,  and  upon 
whose  report,  in  this  respect,  will  rest  largely  the  final  determination  of 
the  question  whether  for  sea-coast  mortars,  mnzzle-loading,  or  breech, 
loading  is  the  more  advantageous  system.  The  object  of  the  Depart- 
ment in  selecting  the  muzzle-loading  system  as  the  type  for  an  experi- 
mental piece,  is  thus  stated  in  the  following  extracts  from  its  letter, 
transmitting  the  plan  of  the  mortar,  to  the  Getty  Board,  in  April  1882 : 

In  working  up  this  plan  it  was  thought  that  the  old  method  of  loading  f^om  the 
mnzzle  was,  on  the  whole,  the  best  adapted  to  the  purposes  of  a  mortar. 

As  a  muzzle-loader,  the  piece  would  be  somewhat  lighter  and  considerably  cheaper, 
and  could  be  manufactured  in  much  less  time ;  and,  on  the  other  hand,  no  objection 
exists  to  muzzle-loading  with  a  piece  so  short  as  a  mortar,  and  which,  at  the  same 
time,  when  in  service,  is  so  well  protected  from  direct  fire  as  to  afford  great  freedom 
of  movement  to  the  cannoneers  in  the  service  of  the  piece. 

In  the  English  service  the  rifled  mortars  are  muzzle-loaders,  and  so,  also,  are  the 
recently  introduced  9.5-inch  and  ll.d-inch  mortars  in  the  French  service.  In  1874  it 
was,  indeed,  claimed  in  France  (see  Ordnance  Note  68,  p.  547  J  that  it  was  essential 
that  a  rifled  mortar  ''should  be  loaded  from  the  breech,  in  order  to  give  the  shell  suf- 
ficient stability  in  flight,  which  can  only  be  obtained  in  a  short  piece  by  an  exact 
centering  of  the  projectile — an  end  much  less  difficult  of  attainment  with  a  breech- 
loader than  with  a  muzzle-loader.'' 

But  later,  it  is  stated  by  Captain  Gadaud,  of  the  French  navy  (Carnet  des  Notes  et 
Renseignementf  1881,  p.  62),  that,  *'  in  consequence  of  experiments  made  in  1878  with 
an  8.66-inch  (22  centimeters)  howitzer,  there  were  adopted  two  mortars,  of  cast-iron 
hooped  and  loading  at  the  muzzle,  of  9.45-inch  (24  centimeters)  and  11.8-inch  (30 
centimeters)  caliber  respectively  ;  the  object  had  in  view  being  the  prompt  procure- 
ment, and  at  little  expense,  of  a  great  number  of  mortars  easy  to  serve  and  not  requir- 
ing the  care  or  need  of  repairs  that  breech-loaders  do." 

So  it  would  appear  that  with  the  French  navy,  at  least,  it  was  thought  that  the 
gain  in  accuracy  of  fire  in  the  breech-loader  would  be  more  than  compensated  for, 
with  muzzle-loaders,  by  the  gain  in  the  number  of  pieces. 

The  relative  merits  of  the  two  systems  of  breech-loading  and  muzzle-loading  are 
clearly  and  forcibly  stated  by  Sir  William  Armstrong,  in  his  address  before  the  Insti- 
tution of  Civil  Engineers  in  January,  1882,  as  follows : 

''  The  question  whether  breech-loading  or  muzzle-loading  guns  are  most  advantageooa 
is  one  which  had  been  discussed  in  a  very  uncompromising  spirit,  as  if  one  or  other 
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of  the  two  systems  oaght  to  be  aniversally  adopted,  to  the  entire  exolusion  of  the 
other.  Impartial  eonsideratioiii  however,  will  show  that  there  is  room  for  both  sys- 
tems, and  that  each  is  best  in  its  proper  place.  It  has  been  distinctly  proved  that, 
so  iar  as  accaraoy  and  velocity  are  concerned,  there  is  nothing  to  choose  between 
them.  Keitlier  is  there  any  material  difference  in  regard  to  rapidity  of  fire ;  nor 
would  a  superiority  in  this  respect  on  either  side  be  of  much  value,  seeing  that  it  is 
of  far  more  importance  to  cultivate  careful  and  deliberate  fire  than  to  facilitate  a 
lavish  expenditure  of  the  very  limited  supply  of  costly  ammunition  that  can  be  as- 
signed to  each  gnn  In  active  service. 

*'  With  regard  to  convenience  of  loading  and  security  of  the  gunners,  the  advantage 
is  in  most  casee,  though  not  in  all,  on  the  side  of  the  breech-loader.    Guns  mounted 
on  the  broadsides  of  ships  or  in  casemated  batteries  cannot  be  loaded  at  the  muzzle 
by  any  known  method  without  very  seriously  exposing  the  men  to  the  fire  of  machine 
guns  and  small-arms.     In  fact,  the  great  length  of  modern  guns  renders  it  impossible 
to  get  access  to  the  muzzle  for  the  purpose  of  loading  without  allowing  more  space 
for  recoil  than  is  practicable  in  a  ship,  or  in  the  usually  confined  space  of  a  casemate ; 
so  that  in  these  cases  breech-loading  must  be  regarded  as.a  necessity.    But  in  earth- 
work batteries  a  muzzle-loading  gun  can,  by  proper  arrangement,  be  loaded  under 
the  shelter  of  the  parapet  more  securely  and  quite  as  conveniently  as  a  breech-loader. 
In  revolving  turrets,  also,  a  gun  may  be  loaded  at  the  muzzle  by  external  means,  in- 
volving no  exposure  of  the  men,  and  in  gunboats  carrying  a  heavy  gun  on  thd  line 
of  the  keel,  loading  at  the  muzzle  is  also  easily  effected. 

"The  superior  simplicity  of  a  muzzle-loading  gun  entitles  it  to  a  preference  wher- 
ever it  can  be  used  with  equal  advantage.  All  breech-loading  mechanism  is  of  a  nat- 
ure to  require  very  accurate  fittings,  such  as  require  care  both  in  use  and  for  preser- 
vation. Breech-loaders,  therefore,  are  very  unfit  weapons  for  imperfectly  instructed 
gunners,  and  they  are  quite  out  of  place  in  open  batteries  where  they  would  be  ex- 
posed to  the  injurious  influences  of  the  weather  and  of  drifting  sand.  It  would  be 
folly,  therefore,  in  such  cases  to  use  them  in  preference  to  muzzle-loaders,  which  re- 
quire little  care  for  their  preservation  and  take  no  harm  from  exposure.'' 

To  the  aboTe  may  be  added  the  followiog  extract  from  the  conclasioDS 
of  the  Commission  of  Gavre  in  1879  on  the  trials  with  M.  L.  rifled  how- 
itzers (Notes  on  the  Constraction  of  Ordnance,  No.  8),  namely : 

A  rifled  mortar  for  coast  defense  firing  from  behind  an  ^paulemont,  whether  muzzle 
or  breech- loading,  can  only  be  loaded  when  the  piece  is  nearly  horizontal ;  in  this 
position  the  difference  in  protection  to  the  gunners  by  the  ^paulement  with  the  breech- 
loader or  the  muzzle-loader  is  too  trifling  to  be  considered. 
A  mnszle-loading  rifled  mortar  for  coast  defense  would  have  the  following  advan- 
over  a  breech-loader  of  the  same  kind:  It  is  much  more  easily  kept  in  repair, 
costly,  and  can  be  more  quickly  manufactured ;  precautions,  however,  must  be 
taken  to  sponge  with  care,  and  to  have  no  stoppage  of  the  projectile  in  the  bore  in 
the  event  of  deformation  of  the  sabot. 

With  muzzle-loading  mortars  similar  to  those  tried  very  satisfactory  results  can  be 
obtained  as  to  extent  of  range  and  accuracy ;  the  accuracy  in  range  exceeds  that  ob- 
tained with  the  best  breech-loading  pieces. 

The  12'inch  B.  L.  Rifle — cast  iron. 

'  This  gan  was  completed  and  shipped  to  the  proving  groand  in  April 
of  this  year.  After  being  subjected  to  the  firing  proof  of  5  rounds  with 
charges  of  150  pounds  of  powder,  as  specified  in  the  contract,  some 
additional  firings  were  made  under  the  supervision  of  the  Ordnance 
Board,  for  the  purpose  of  determining  the  nature  of  the  powder  and  the 
details  of  the  band — for  the  projectile — best  suited  for  testing  the  gun. 
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Experimental  Firings. 

The  Department  had  procared  last  year  a  sample  lot  of  brown  pris- 
matic powder  from  the  United  Rhenish  and  Westphalian  Powder  Com- 
pany, Germany.  This  powder  Vas  guaranteed  to  fulflU  the  following 
conditions,  imposed  by  the  Department,  when  fired  from  a  gun  having 
the  length  of  bore  and  size  of  chamber  of  the  12-inch  cast-iron  rifle, 
namely,  with  charge  of  265  pounds ;  projectile  of  800 ;  density  of  load- 
ing, 0.84^  and  length  of  travel  of  shot  in  bore  22.6  calibers;  to  give  a 
velocity  of  about  1,748  feet,  with  a  pressure  not  exceeding  15.5  tons,  or 
34,720  pounds,  per  square  inch  of  powder  chamber. 

The  powder  when  tested  in  the  12-inch  cast-iron  B.  L.  rifle  gave  the 
following  actual  results : 


Kind  of  powder. 
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These  results  were  deemed  satisfactory,  and  it  was  sought  to  reproduce 
them  with  a  brown  prismatic  powder  of  home  production,  the  Messrs. 
Du  Pont  having  alread^'^  furnished  samples  of  brown  powder  for  test. 
The  results  obtained  with  the  Du  Pont  powder  will  be  referred  to  more 
at  length  under  the  head  of  prismatic  powder ;  sufiice  it  to  say  here 
that  they  have  proved  so  satisfactory  that  the  Department  has  felt 
warranted,  in  advertising  for  bids  for  the  supply  of  a  considerable 
quantity  of  domestic  brown  powder,  to  impose  the  conditions  that  when 
fired  in  a  gun  of  similar  dimensions  to  this  L2-inch  cast-iron  rifle,  with  a 
chargeof  266  pounds,  and  a  projectile  of  800  pounds,  the  velocity  shall  not 
be  less  than  1 ,700  feet  at  125  feet  from  the  muzzle,  and  the  pressure  shall 
not  exceed  32,600  pounds  per  square  incli  of  powder  chamber.  The 
Ordnance  Board  has  fired  this  gun  25  rounds,  and  has  determined  with 
sufficient  deflniteness  the  character  of  band  to  be  employed  with  the 
projectile,  to  permit  of  the  trials  taking  place  as  soon  as  the  powder  is 
procured.  ^ 

A  description  of  the  manufacture  of  the  gun  and  the  records  of  fir- 
ings are  contained  in  Appendices  24  and  20  herewith. 

The  results  thus  far  obtained,  in  the  very  limited  number  of  rounds 
that  have  been  fired,  are  to  be  regarded  simply  as  a  function  of  the 
length  of  bore  and  the  quantity  and  character  of  i)Owder  employed, 
with  a  projectile  of  given  weight,  so  that  equally  good  results  can  with 
certainty  be  predicated  of  any  gun,  of  equal  caliber,  fired  under  like 
conditions.  It  would,  therefore,  be  premature  as  yet  to  pronounce  the 
gun  a  success,  as  a  piece  of  medium  power,  until  it  has  first  fulfilled  the 
condition — sine  qyui  non — of  possessing  the  requisite  degree  of  endurance 
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under  fire.     Bat  regarding  the  resalts  Bitnply  from  a  ballistic  point  of 
view,  the  following  tabular  comparison  is  instrnctive : 
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From  which  we  deduce — 
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From  the  above  figures  it  appears,  comparing  the  12-inch  cast-iron 
rifle  with  Krupp's  lighter  gun,  that,  using  practically  the  same  weight 
of  powder  charge,  the  muzzle  energy  and  penetration  in  iron  are  a  little 
in  £avor  of  Krupp's  gun ;  but  the  advantage  of  the  heavier  Krnpp  pro- 
jectile is  apparent  in  the  still  more  favorable  showing  at  3,500  yards, 
where  the  difference  in  penetration  is  double  what  it  was  at  the  muzzle. 
The  marked  disparity  between  the  guns  lies  (l)in  the  length  of  bore; 
the  Krnpp  gun  is  much  the  shorter,  and  tojoffset  which  a  heavier  press- 
ure is  necessitated  in  the  bore — though  still  a  moderate  pressure ;  and 
(2,)  in  the  weight  of  piece,  the  Kropp  gun  is  the  lighter  by  17  tons. 

If  we  assume  the  steel  gun  to  cost  $1,000  per  ton,  and  the  cast-iron 
$540  per  ton,  their  total  respective  costs  will  be  $37,000  for  the  steel 
gun,  and  $29,160*  for  the  cast-iron  gun,  or  a  diiference  of  $7,840  in  favor 
of  the  east-iron.  But  the  far  greater  weight  and  dimensions  of  the  lat- 
ter will  require  a  carriage  for  its  service,  which,  \\  not  proportionately 
80  heavy  as  that  required  for  the  Krup[)  gun,  will  yet  be  absolutely  the 
heavier;  it  will  also  require  a  larger  platform.  These  conditions  will 
reduce  materially  the  difierence  in  cost,  while  the  greater  size  and 
weight  of  carriage,  added  to  the  already  objectionable  weight  of  the  cast- 

*  Tlie  actual  doat  of  the  t2-inch  B.  L.  rifle,  oast-iron,  inolading]the  steeljforging  for  J  breech  mechan- 
■B  sad  bashing,  was  $29,153. 
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iron  guD  itself,  will  render  pointing  and  elevating  the  gan  slow  if  not 
tedious  operations,  and  without  the  compensation  of  a  proportional  in- 
crease in  the  power. 

But  then  the  question  of  endurance  is  still  to  be  determined  for  the 
cast-iron  gun,  while  it  is  an  ascertained  fact  that  the  Krupp  gun  has 
been  fired  120  rounds  and  is  in  good  condition.  If  we  disregard  all  con- 
sideration of  weight  of  charge  and  length  of  bore,  and  make  the  compari- 
son simply  on  the  basis  of  weight  of  piece,  the  high-power  Krupp  12-inch 
rifle  of  48  tons  will  answer  very  well  as  representing  the  merits  of  steel 
against  cast  iron,  though  that  gun  is  still  6  tons  lighter  than  the  12-inch 
cast-iron  rifle.  The  great  superiority  of  this  Krupp  gun  to  the  12-inch 
cast-iron  rifle,  in  smashing  effect,  which  is  assumed  as  the  measure  of 
effect  against  hard  armor,  and  in  piercing-power  at  all  ranges,  is  at 
once  apparent;  nor  is  the  pressure,  17.3  tons,  deemed  excessive  for  a 
steel  gun.  This  Krupp  12-inch  rifle  has  been  fired  over  100  rounds  and 
remains  in  good  condition.  From  this  comparison  it  will  be  seen  that 
the  steel  gun,  of  which  this  12-inch  Krupp  is  a  type,  would  fulfill,  far 
more  satisfactorily  the  two  prime  conditions  impose<i  on  modern  ord- 
nance, viz,  the  attainment  of  the  maximum  power  possible  for  the  length 
of  bore  and  weight  of  piece,  and  without  overstraining  the  gun.  In 
this  connection  the  following  extract  from  a  communication  addressed 
the  by  Chief  of  Ordnance  to  the  Getty  Board  of  1882  is  pertinent: 

If  cast  iron  guns  were  once  abandoned  for  the  stronger  built-up  guns,  why  should 
we  now  return  to  them,  when  the  great  problem  of  the  day  is  how  to  secure  the  gun 
of  greatest  power  commensurate  with  our  facilities  for  fabrication?  If  the  built- 
up  gun  was  better  able  to  endure  the  more  destructive  powders  of  the  past  than  the 
cast  iron  simply  because  it  was  a  stronger  gun,  why  should  not  its  greater  strength 
be  utilized  to-day  in  the  attainment  of  a  greater  power  than  is  admissible  with  cast 
iron?  If  nuiximum  power  is  the  object  aimed  at  in  the  construction  of  modem  artil- 
lery, there  can  be  but  one  answer  to  this  question.  Indeed,  stronger  guns,  not  weaker 
ones,  than  even  the  best  guns  of  the  past  are  really  what  is  needed  to  cope  with  the 
modern  conditions  of  resistance  to  gun-power ;  more  work  is  required  from  a  gun 
now  than  formerly;  and  any  increment  of  work  that  can  with  safety  be  exacted 
from  it  will  be  in  full  proportion  to  the  increase  of  strength. 

Another  and  a  most  instructive  comparison  may  yet  be  made.  A 
10-inch  B.  L.  rifle,  steel,  of  32  calibers  length  of  bore  would  weigh 
about  27  tons.  The  results  that  should  be  realized  with  such  10-inch 
gun,  reasoning  from  the  results  already  obtained  with  Du  Font's  brown 
powder  in  the  12-inch  rifle,  would  be  as  follows : 
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From  which  we  deduce,  for  comparison  with  the  12-inch  rifle — 
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From  the  above  figures  it  will  be  seen  that  while  the  total  energy,  op 
smashing  effect,  i»  somewhat  less  for  the  10-inch  rifle  ap  to  3,500  yards 
the  depth  of  penetration  is  greater.    Bat  the  weight  of  this  gun  is  only 
one-half  that  of  tbe  12-inch  cast-iron  gan,  and  therefore  its  cost  would 
be  about  the  same  as  for  the  latter.    Should  Congress  make  a  sufficient 
appropriation  to  enable  this  Department  to  advertise  for  the  forgings,say 
for  100  of  these  10-inch  steel  rifles,  it  is  quite  certain  that  some  of  our  steel 
manufiactarers  would  provide  the  requisite  press  for  the  production  of  the 
forgings,  with  the  oil  tanks  and  annealing  furnaces  for  their  treatment, 
in  about  a  year;  and  that  they  would  begin  to  deliver  the  rongh-flnished 
forgiugs  within  six  months  afterwards,  or  say  eighteen  months  after 
date  of  the  contract.    It  is  even  safe  to  say  that  they  would  so  design 
the  new  plant  that  it  should  possess  sufficient  capacity  for  the  produc- 
tion of  the  forgings  required  for  12-inch  steel  gans;  thus  in  the  near 
future  would  our  own  steel  makers  be  placed  on  a  footing  to  supply  the 
forgings  for  guns  of  a  power  far  in  excess  of  anything  we  can  hope  to 
obtain  from  the  use  of  cast-iron  alone.    Liberal  appropriations  by  Con- 
gress, to  extend  over  a  number  of  years,  for  the  manufacture  of  8,  10, 
and  12  inch  steel  rifles,  and  ultimately  of  16-inch  and  higher  calibers? 
would,  it  is  believed,  prove  the  truest  policy  for  the  development  of  our 
own  resources,  and  the  surest  for  placing  our  extended  coast  in  a  proper 
state  of  defense. 

Tbe  remaining  guns  not  yet  completed  are  as  follows : 

Thel2'inch  cast-iron  B,  L.  Rifie^  hooped  and  tubed. 

The  body  for  this  gun  has  been  cast,  and  the  steel  parts,  as  hoops,  tube 
and  the  forgings  for  breech  mechanism,  have  been  procured  and  are  in 
sach  advanced  stages  of  completion  that  the  assembling  of  the  x>arts  will 
be  commenced  in  a  few  weeks.  The  breech  mechanism  is  also  nearly 
completed.  The  hoopfitfor  this  gun  were  obtained  from  the  Mid  vale 
Steel  Company,  but,  owing  to  their  considerable  dimensions  and  weight, 
the  company  feared  that  it  would  overtask  their  rolling  mill  to  work 
these  hoops  as  thoroughly  as  was  done  with  the  hoops  for  the  8-inch 
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rifle  and  12-inch  mortar;  the  effect  of  this  is  apparent  in  the  somewhat 
lower  qualities  of  these  hoops,  a  mean  of  which  for  tangential  specimens 
6  inches  long  between  shoulders,  is  as  follows: 

El-tic  linnt fa^*"A«nde. 

Tensile  strength -  S  tteS"  ponnds. 

Elongation 13. 6  per  cent. 

The  12'inch  B,  L,  Rifle^  cast  iron^  lined  with  wire-wrapped  tube. 

As  stated  in  my  last  annual  report,  the  first  attempt  to  cast  the  body 
of  this  gun  proved  a  failure ;  the  flasks,  proving  too  weak  to  sustain 
the  weight  of  metal,  gave  way — precipitating  the  molten  metal  into  the 
casting  pit.  The  second  casting  for  the  gun  was  made  December  23, 
1884.  After  being  removed  from  th^  pit  the  casting  was  placed  in  the 
lathe,  and  the  cutting  of  annular  grooves  on  the  exterior  begun,  for  the 
purpose  of  removing  the  surplus  metal  by  means  of  wedges  forced  into 
the  grooves. 

In  cutting  a  groove  at  94  inches  from  the  muzzle,  and  after  a  depth 
of  about  7  inches  had  been  reached,  a  crack  was  discovered  at  the  bot- 
tom, and  shortly  afterwards  the  gun  parted  transversely  along  the 
crack — breaking  short  off  in  the  lathe.  Afterwards  another  crack  was 
discovered  in  cutting  a  groove  near  the  breech  end ;  ultimately,  as  the 
cutting  was  continued,  the  casting  cracked  transversely  at  eight  differ- 
ent points  while  the  annular  grooves  were  being  cut,  and  before  the  re- 
sort to  wedging  off.     (See  Appendix  22,  herewith.) 

The  failure  of  this  casting  is  attributed  to  the  irregular  and  abnormal 
strains — at  least  of  abnormal  intensity — ^induced  by  the  method  pur- 
sued in  casting.  A  radical  departure  was  made  from  the  usually  ac- 
cepted Eodman  method,  and  without  the  sanction  of  the  Department ; 
instead  of  cooling  from  the  interior  alone  and  keeping  the  exterior  of 
the  flask  hot  by  a  fire  kindled  at  the  bottom  of  the  pit,  a  brick  wall 
was  set  up  in  the  pit  around  the  flask  and  extending  above  the  trun- 
nions ;  then  the  space  between  it  and  the  pit  walls  was  filled  in  with 
damp  molding  sand.  A  fire  was  kindled  on  top  of  the  molding  sand^ 
but  was  kept  burning  for  only  a  comparatively  short  time.  It  is  to  these 
faulty  arrangements,  aggravated  no  doubt  by  a  contraction  in  the  mold 
near  its  upper  portion — see  Appendix  32 — that,  as  it  is  believed,  the  loss 
of  the  casting  was  mainly  due. 

The  company  is  now  making  arrangements  for  a  third  casting,  to  be 
made  breech  up.*  The  tube  for  this  gun,  the  breech  bushing  and  blocks 
have  been  procured,  and  considerable  work  has  already  been  done  to- 
wards their  completion.  The  tube  will  be  wrapped  with  wire  at  the 
Watertown  Arsenal. 

*  Since  writing  the  above,  the  third  casting  ha-s  been  made.  The  official  report  states 
that  it  ruptured  longitudinally j  a  fracture  being  found  extending  fromthe  sinking  head 
downward  when  the  mold  was  stripped  from  the  casting  while  yet  in  the  pit. 
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The  10-inch  B,  L.  Biflej  east  tron,  tcrapped  tcith  wire. 

The  body  for  this  gan  has  been  sent  to  Watertown  to  receive  its  wrap* 
ping:  the  breech  mechanism  is  nearly  completed,  and  the  wire  will  be 
applied  as  soon  as  some  necessary  data  have  been  obtained  from  an  ex- 
perimental cylinder  now  being  wrapped  with  wire. 

The  lO-tnc^  B,  L.  Rifle,  steely  tcrapped  ipith  toire. 

The  tabe  for  tiiis  gnn,  furnished  by  Sir  Joseph  Whitworth  &  Com- 
pany, was  roagh-bored,  turned,  and  annealed  at  the  Washington  Navy. 
Yard,  and  then  shipped  to  the  Watertown  Arsenal.  The  longitudinal 
bars,  for  giving  end  strength  to  the  gun,  were  cold-rolled  at  Jones  & 
Laaghlins,  Pittsburgh,  Pa.,  during  which  operation  considerable  delay 
was  caused  by  several  breakages  of  the  rolls.     (See  Appendix  46.) 

The  forgings  for  the  breech  mechanism  and  the  several  exterior  rings 
for  the  gun,  except  the  cast-steel  sleeve  that  is  to  sustain  the  trunnion- 
hoop,  have  already  been  furnished  by  the  Mid  vale  Steel  Company;  all 
of  which,  with  some  33,000  pounds  of  finished  and  tinned  wire,  have 
been  sent  to  the  Watertown  Arsenal,  where  the  gun  is  to  be  constructed. 
The  preparations  at  Watertown  for  winding  the  wire  onto  the  guns  are 
about  complete,  and  preliminary  trials  are  now  being  made  to  test  the 
efficiency  of  the  winding  apparatus,  and  the  effect  produced  by  the  wire 
on  short  cylinders  representing  sections  of  the  (?uns  under  fabrication. 
The  drawing  of  the  steel  wire,  of  the  character  prescribed  by  the 
Department,  has  been  a  burdensome  task  to  the  wire  m^.kers,  although 
experienced  and  skillful  manufacturers,  and  it  has  proved  a  very  severe 
ordeal  to  the  metal  itself,  out  of  which  the  wire  was  made.     See  Ap- 
pendix 47.    At  the  date  of  this  report  fhe  inspector  gives  the  following 
as  a  tolerably  fair  estimate  of  the  loss  on  75,000  pounds : 

Pounds. 

Shipped  to  Watertown  Arsenal 33,000 

On  band  ready  to  Hn 7,000 

Probable  amonnt   that  will  be  obtained  from  last  lot  of  18^00 

pounds  of  rods 15,000 

Total  of  good  wire 55,000 

Loss  due  to  breaks,  defective  pieces,  &c 16, 000 

Loss  due  to  treating,  pickling,  &c 4, 000 

75. 000 

Or  a  total  loss  of  26.6  per  cent,  which  is  certainly  poor  economy. 
Possibly  it  may  be  found  practicable  to  reduce  that  amount  by  going 
over  again  the  pieces  rejected  and  saving  portions  of  them.  There  is 
here,  however,  a  wide  field  for  improvement  in  means  and  methods  j 
bat  improved  methods  will  doubtless  be  forthcoming  if  the  production 
of  this  class  of  wire  is  to  take  rank  as  a  regular  branch  of  the  wire- 
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making  indastry.  The  methods  of  prodaction  that  mast  be  employed 
for  mere  experimental  purposes  are  necessarily  more  or  less  crade- 
Following  is  a  summary  of  the  results  of  tests  made  on  specimens  of 
this  wire,  and  also  on  several  varieties  of  imported  wire  used  in  gun  con- 
struction abroad ;  all  the  specimens  were  10  inches  in  length,  and  the 
tests  were  mad'e  on  the  machine  at  Watertown  Arsenal : 


* 

Gross-section 
of  wire. 

Te  n  sile 
strength. 

Pounds. 
176, 717 
270, 023 
309.997 
328,257 

Elonsation 

alter 

rupture. 

Reduction 
in  area  aft 
er  rupture. 

American  "wire.  Otis  8te6l 

Square  xnehee. 
.  0216 
.0147 
.  001257 
.004926 

Percent. 
2.04 
.47 
.47 

.77 

Per  cent. 
10.  8 

Sofflish  ribband 

15.43 

French  round  wire  for  small  calibers 

French  round  wire  for  larfi^e  calibers 

22.  01 
16.67 

The  S'inch  B.  L.  Rifle^  steel. 

A  second  jacket  has  been  furnished  for  this  gun  by  Sir  Joseph  Whit- 
worth  &  Company;  all  the  material  for  the  gun  has  been  procured,  sent 
to  the  West  Point  Foundry,  and  a  large  proportion  of  the  machining 
has  been  done,  and  the  manufacturers  have  begun  to  assemble  the  parts- 
A  mishap,  however,  has  already  occurred  in  shrinking  thel*  jacket  on 
the  tube,  which  has  occasioned  considerable  delay,  but  it  will  now  soon 
be  remedied. 

Midvale  Forgingsfor  an  8-tnc^  B.  L.  Rifle^  steel. 

The  Department,  last  spring,  contracted  with  the  Midvale  Steel  Com- 
pany for  a  tube,  jacket,  and  forged  trunnion-hoop  for  an  8-inch  gun, 
intending,  if  these  forgings  should  fulfill  the  contract  requirements,  to 
order  afterwards  the  hoops  for  the  guu.  These  are  the  largest  gun- 
forgings  yet  attempted  in  this  country,  and  the  results  are  looked  for- 
ward to  with  great  interest,  as  they  will,  if  successful,  demonstrate  the 
practicability  of  producing  the  st^el  for  guns  up  to  8  inches  caliber 
with  the  facilities  now  at  the  command  of  our  own  manufacturers. 
They  will  further  show  a  step  in  advance  towards  the  production  of  still 
larger  forgings — ^an  end  earnestly  to  be  desired,  and  to  the  speedy 
consummation  of  which  a  very  material  impetus  would  be  afforded 
should  the  Department  be  enabled  this  year  to  place  a  considerable 
order  for  8-inch  gun-forgings.  The  physical  qualities  prescribed  for 
these  forgings  were  of  very  high  character,  such  as  is  desirable  for 
gun-steel — namely :  tangential  specimen  3  inches  long  for  tube  and 
jacket,  and  6  inches  long  for  the  hoop,  to  show  the  following : 


Tube.    I   Jacket. 


Elastic  limit pounds..       48,000 

Tensile  strength do 90,000 

Elongation  after  rupture per  cent..'  21 


50,000 

98,000 

19 


Trunnion 
hoop. 


45,000 

95,000 

15 
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The  high  repatation  that  the  managers  of  the  Midvale  Steel  Works 
have  already  acquired  iu  the  production  of  smaller  gun  forgings  in- 
spires the  hope  that  they  will  also  be  successful  with  these  of  larger 
dimensions,  although  they  are  placed  perhaps  somewhat  at  a  disad- 
Tantage,  owing  to  the  small  size  of  their  hammer.  Both  tube  and 
jacket  have  been  forged,  and  are  now  being  rough- turned  and  bored 
prior  to  oil-tempering,  and,  so  far  as  appearances  go,  are  sound  and 
good  forgings. 

The  lOtno^  B,  L.  Rifle^  steel  hooped. 

The  tube,  jacket,  and  trunnion-hoop  for  this  gun  were  ordered  last 
spring  from  Sir  Joseph  Whitworth  &  Company,  with  the  agreement 
that  the  forgings  should  be  delivered  iu  six  months  from  the  date  of 
contract.  The  qualities  specified  for  these  forgings,  and  which  Whit- 
worth accepted  without  hesitation,  were  as  follows :  For  tangential  test 
specimens  3  inches  long  from  tube  and  jacket  and  6  inches  long  from 
tmnnion  hoop,  viz: 


TaU. 


Jacket 


hoop. 


Elaatic  Umit. 


22  tons 

49, 000  pounds... 

23  tons 

5l,5UUpoands... 

20  tons 

45,000  poands  . . . 


ElongftUon 
Tensile  strength.!     after  rap- 

tare. 


42.4  tons 

95,000  pounds 

43  tons 

90,000  pounds 

42  tons 

95.000  pounds 


>  19  per  centi 
17  per  eent 
16  per  cent. 


Under  date  of  July  28, 1885,  the  Department  advertised  for  the  hoops 
for  this  gnn.  The  hoops  were  to  be  hammered,  as  their  length  was  greater 
than  could  be  famished  from  any  existing  rolling-mill  in  the  country, 
some  of  them  being  upwards  of  2  feet  in  length.  They  were  to  be  oil- 
tempered  and  annealed,  as  in  the  case  of  other  hoops  ordered  and  tested 
by  the  Department,  and  to  show  the  following  physical  qualities  as  de- 
termined from  the  test  of  tangenti^  specimens  6  inches  long  between 
shoulders : 

*     QUALITIES. 

Elastic  Umit  over 55, 000  pounds. 

Tensile  strength  over 100, 000  pounds. 

Elongation  after  rupture  over 12  per  cent. 

The  lowest  offer  for  furnishing  these  hoops  came  from  the  Cambria 
Iron  Company,  Johnstown,  Pa.  These  large  and  well-known  steel  pro- 
ducers had  previous  to  this  taken  no  active  part  in  competing  for  the 
orders  or  contracts  of  the  Department  for  supplies  of  gun  steel ;  but 
it  waa  well  understood  that  the  managers  had  the  whole  question  of 
steel  production,  in  the  quantities  and  forms  and  of  the  qualities  suit- 
able to  the  necessities  of  the  Department,  under  careful  considera- 
tion, and  had  sent  their  officers  abroad  to  collect  information  and  to 
Btady  foreign  modes  of  practice.  This  office  had  previously  received 
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from  the  company  the  records  of  test  of  an  oil-tempered  and  annealed 
locomotive  tire,  which  were  certainly  promising,  namely : 


Slastio 
limit. 


Pounda. 
57,180 


Tensile 
strength. 


Pounda. 
110, 700 


Ultimate  elongation.  Seduction  in  area. 


17. 5  per  cent  in  2)  inches I  47.2percent. 


Still  it  was  a  bold  step  to  undertake,  as  their  first  attempt,  the  man- 
ufacture of  these  large  hoops  under  such  severe  specifications ;  but  it 
argues  well  for  the  enterprise  and  self-reliance  of  the  Cambria  Com- 
pany. 

Experimental  Compound  Cylinders. 

« 

In  connection  with  the  manufacture  of  experimental  guns,  the  Depart- 
ment has  made  it  a  practice,  in  the  case  of  each  distinct  type  of  ^un, 
to  assemble,  with  the  shrinkages  proposed  for  the  gun,  a  short  cylinder, 
representing  a  section  of  the  gun  through  the  powder  chamber,  and  af- 
terwards dismantle  it.  By  this  means  it  has  been  enabled  to  judge  of 
the  accuracy  of  the  formulas  employed  for  the  calculation  of  the  shrink- 
ages and  the  radial  changes  corresponding  thereto,  when  put  to  a  prac- 
tical application,  and  thus  of  the  suitableness  of  the  theoretical  values 
to  the  purposes  of  actual  construction ;  and  incidentally  it  has  derived 
additional  information  regarding  the  qualities  of  the  metals  employed. 

From  these  iexperiments,  so  far  as  they  have  been  carried,  the  satis- 
factory conclusions  are  reached — (1)  that  since  the  free  tests  of  the  metal, 
i.  «.,  as  made  with  the.  testing  machine,  are  fully  confirmed  by  the  re- 
sults obtained  from  hooping  cylinders,  the  data  furnished  from  such  free 
tests  may  be  regarded  as  suitable  for  employment  with  the  formulas  re- 
lating to  the  hooping  of  guns ;  and  (2)  that  the  formulas  themselves  are 
to  be  regarded  as  safe  guides  in  practice,  at  least  as  regards  radial 
changes,  when  applied  with  the  limitations  under  which  they  have  been 
deduced. 

the  striking  agreement  between  theory  and  practice,  as  regards  the 
radial  changes  that  occur  in  the  wall  of  a  compound  cjiinder  under 
construction,  where  the  values  representing  the  qualities  of  the  metals 
have  been  judiciously  chosen,  and  the  measurements  of  the  radial 
changes  skillfully  made,  will  be  apparent  from  an  inspection  of  appendix 
27,  containing  the  report  on  the  assembling  and  dismantling  of  an  ex- 
perimental cylinder  for  the  8-inch  B.  L.  rifle,  steel;  whilst  appendix 
29 — containing  an  analysis  of  similar  experiments,  made  in  connection 
with  the  construction  of  the  12-inch  B.  L.  rifle,  cast-iron,  hooped,  and 
tubed  with  steel — shows  that  even  when  allowing  some  latitude  in  the 
choice  of  the  physical  qualities,  as,  for  instance,  in  the  values  of  the 
co-eflicientsof  elasticity,  a  satisfactorily  close  agreement  is  still  obtained. 

The  accuracy  of  the  theoretical  values  for  the  elastic  resistance  of 
compound  cylinders,  has  not  as  yet  been  verified  by  experiment,  and 
will  accordingly  be  made  the  subject  of  future  investigations,  operating 
upon  small  cylinders  by  means  of  hydraulic  pressure.    From  our  pres- 
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ent  kiM>wledge  it  would  appear  that  the  theoretical  resistance,  as  com- 
puted by  foriDQlas  now  in  ase  by  the  Department  is  too  low,  as  meaa- 
ued  by  the  registered  powder  pressares  in  the  bores  of  guns,  or,  at 
least,  that  it  may  be  considerably  exceeded  in  practice  without  sensibly 
disturbing  the  elastic  equilibrium  of  the  gun.    For  instance,  with  the 
12-luch  mortar,  hooped,  the  theoretical  radial  changes — corresponding 
to  the  actual  shrinkages  employed — were  verified  with  a  very  fair  de- 
gree of  approximation  in  the  actaal  construction  of  that  piece. 

But  the  corresponding  theoretical  elastic  resistance  of  the  system  to 

an  internal  pressure  was  only  about  11  tons;  not  taking  into  account, 

of  course,  the  resistance  of  tlie  casting  due  to  its  own  initial  tension  of 

some  5  tons.    Now  this  piece  has,  as  a  fiict,  been  subjected  to  pressures 

in  actaal  firing  of  14, 15,  and  nearly  17  tons  per  square  inch  of  bore,  and 

yet  without  appreciable  deterioration ;  indeed  the  measurements  of  the 

bore,  after  the  firings,  show  a  pretty  regular  contraction  of  about  .001 

inch  ou  the  diameter.    (See  Appendix  19.)    Theoretically,  a  pressure  of 

about  13.5  tons  per  square  inch  on-the  bore  would  have  sufficed  for  the 

extension  of  the  steel  hoops  to  their    elastic  limit — the  full   elastic 

strength  of  the  hooi>s  not  having  been  utilized  iu  the  construction,  by 

reason  of  the  over- compression  of  the  casting  that  would  have  ensued, 

vhen  the  system  is  at  rest. 

The  Department  has  now  under  preparation  a  series  of  experiments  to 
test  the  frictional  resistance  exerted  between  cylinders  assembled  under 
fihriukagf,  the  objects  proposed  being  to  ascertain  the  absolute  value  of 
such  resistance  in  the  cases  under  test,  and  also  what  relation  the  fric- 
tional resistance  bears  to  the  normal  pressure,  aud  to  theextent  of  sur- 
iaee  of  contact  where  the  pressure  per  superficial  unit  is  constant. 
These  experiments  are  regarded  as  of  great  importance  in  their  bear- 
ing ou  the  longitudinal  strength  afforded  by  the  shrinking  of  one  cyl- 
inder over  another,  and  also  on  the  coupling  of  tube  with  jacket  in  gun 
construction. 

•The  complete  records  of  the  assembling  and  dismantling  of  the  ex- 
perimental cylinders  representing  sections  of  the  12-inch  mortar,  8-inch 
rifle,  and  12-inch  cast-iron  rifle,  hooped  and  tubed,  are  contained  in  Ap- 
pendices 26,  27,  and  28. 

The  ^'irich  Rifle j  converted. 

The  contract  for  the  50  rifie^,  converted  from  10-inch  8.  B.  guns  by 
lining  with  a  steel  tube,  inserted  from  the  muzzle,  referred  to  in  my  last 
annual  report,  was  awarded  to  the  West  Point  Foundry  Association  as 
the  lowest  bidder,  and  the  manufacture  of  the  tubes,  &c.,  to  the  Mid- 
vale  Steel  Company.  The  tubes  were  to  be  oil-tem[)ered,  and  to  show 
on  3-inch  test  specimens,  taken  tangentialiy  from  each  end  of  tube,  the 
following  properties : 

ElMtic  limit 38, 000  pounds. 

Tensile  strength 80,000  pounds. 

Elongation  after  rupture. Not  less  than  22  per  cent.  . 


XX 


REPORT   OF   THE   CHIEF   OF   ORDNANCE. 


The  work  on  these  guua  is  well  advanced.  (See  Appendix  45.)  The 
50  casings  have  been  bored  out  for  the  reception  of  the  tubes,  and 
upwards  of  30  tubes,  and  a  large  proportion  of  the  small  forgiugs 
for  breech  cups  and  muzzle  collars,  have  been  accepted  and  sent  to  the 
West  Point  Foundry-.  With  this  lot  of  50  guns  the  conversion  of  S. 
B.  guns  into  rifles  ceases,  as  the  total  number  of  converted  rifles  on 
hand  will  equal  that  recommended  by  the  Sensfte  select  committee  in 
February,  1883.  Accordingly  no  appropriation  for  further  conversions 
ha«  been  aske<l  for. 

Alterations  of  Sea- Coast  Carriages, 

This  work  has  been  delayed  by  the  necessity  of  some  further  tests, 
but  the  original  number  of  carriages  undertaken  for  alteration  for  the 
15-inch  S.  B.  gun  and  the  ll-inch  M.  L.  rifle,  converted,  have  been  com- 
pleted and  are  now  being  issued.  The  frequent  applications  made  from 
the  service  for  the  8-inch  rifles,  converted,  with  their  mountings,  has 
decided  the  Department  to  confine  its  alterations  during  this  year  to 
the  10-inch  barbette  and  casemate  cal*riages,  adapting  them  to  the  serv- 
ice of  the  8-inch  rifles.  This  work  will  be  done,  as  heretofore,  at  the 
Watertown  Arsenal,  and  it  is  expected  that  50  carriages  will  be  com- 
pleted this  fiscal  year. 

Prismatic  Powders. 

The  Messrs.  Du  Pont  completed,  last  year,  their  new  and  large  press 
for  the  manufacture  of  this  kind  of  powder.  It  has  a  capacity  for  press- 
ing 124  ])risms  at  one  time,  and  can  turn  out  12  pressings,  or  say  125 
pounds  of  finished  powder  per  hour.  They  have  also  devised  a  machine 
by  means  of  which  the  ingredients  of  the  powder  are  thoroughly  blended 
together,  the  eflfect  of  which  should  be  the  production  of  a  very  uni- 
formly burning  powder. 

A  sample  of  the  Du  Pont  brown  prismatic  powder  was  first  tested  in 
the  12.25-inch  M.  L.  ritte  of  18.5  calibers  length  of  bore,  last  November, 
and  its  behavior  as  compared  with  that  of  the  German  prismatic  powder 
may  be  judged  from  the  following  extract  from  the  firing  records  of  that 
gun. 


Kind  of  powder. 


German  brown  prismaUc. . 

D.  1.8828 

DaPont's  brown  prismatio 
D.  1.8000  


Weight  of 
charge. 


Poundi. 


175 
175 


Projeotilo 
weight. 


Poundt. 
093 

892 


Density  of 
loading. 


Velocity  at 

145  feet  from 

mnzzle. 


I 


0.iM»88 
0.09988 


Feet. 
1.458 

1.528 


Pressure  per 

square  inch 

of  bore. 


PoundM. 
28,800 

25,550 


These  results  were  promising,  and  another  sample  was  ordered  for 
trial  in  the  12-inch  B.  L.  rifie,  cast  iron.  The  first  sample  tested  in  the 
latter  gun  proved  entirely  too  slow-burning ;  the  velocity  and  pressure 
were  low,  whilst  a  considerable  quantity  of  partially  consumed  powder 
was  ejected  from  the  gun.  Further  samples  were  tested,  and  the  pres- 
ent status  of  the  Du  Pont  brown  powder,  as  compared  with  the  Oer- 


REPORT    OF   THE   CHIEF    OF   ORDNANCE. 


XXI 


man,  may  be  seen  from  tbe  followiug  extract  from  the  firing  records  of 
the  12* inch  cast-iron  B.  L.  rifle  (see  Appeudix  20): 


Kind  of  powder. 


Weight  of 
charge. 


German  bro vd  powder . .  - 

D.  1.8628 

Da  PonCs  hrown  powder . 

W.M .V. 

D.  I.ft33 

Da  Pontes  brown  powder. 

5.M .V. 

D.  1.833 


) 


\ 


Pounds. 


Namber  of 
projectile. 


-aa-i'^SF' 


Pounds. 


265 

8U0 

0.8363 

265 

800 

0.8363 

265 

800 

0.8363  1 

Feet. 
1,703 

1,700 
1,677 


Pressure  por 
square  inch 
ox  chamber. 


Pounds. 
31,400 

26,300 
25,040 


The  last  set  of  results  represent  a  mean  of  5  rounds,  and  are  not  so 
favorable  as  those  in  the  preceding  line.    The  latter  are  the  best  results 
Ihas  far  obtained  with  the  12-inch  B.  L.  Rifle,  all  things  considered, 
and  vill  serve  as  tbe  basis  for  future  orders.    The  results,  taken  as  a 
whole,  are  very  satisfactory,  and  demonstrate  the  ability  of  our  own 
manufacturers  to  equal,  if  not  excel,  the  best  results  attained  with  pow- 
ders in  Europe.     Great  praise  is  justly  due  to  Mr.  Eugene  Du  Pont,  for 
the  ability  and  skill  displayed  in  bringing,  after  such  few  trials,  this 
new  mode  of  manufacture  to  so  successful  an  issue.  It  is  understood  that 
tbe  English  Government,  after  experimenting  on  the  production  of 
brown  powder,  finally  purchased  the  secret  of  its  manufacture  from  the 
German  manufacturers  at  a  price  of  £25,000. 

Breech-loading  Devices. 

Tbe  6.5-iDch  gun  fitted  with  the  Mann  breech  mechanisn:  was  tested 

and  reported  on  last  year.     (See  Appendix  23,  Report  of  Chief  of  Ord- 

naoee,  1884.)     The  other  gun,  fitted  with  the  Yates  breech  mechanism, 

has  been  in  the  hands  of  the  Board  for  Testing  Rifled  Cannon,  &c.,  since 

last  February.    Owing,  however,  to  repeated  changes  made  to  facilitate 

the  operation  and  fitting  of  the  parts,  up  to  date  only  sixteen  rounds 

have  been  fired.    A  progress  report  on  the  test  of  this  gun  is  contained 

in  Appendix  48. 

The  Multicharge  Oun, 

This  gun  was  disabled  last  year,  at  the  33d  round,  by  the  failure  of 
the  steel  tube — a  crack  being  developed  that  extended  from  the  muzzle 
nearly  to  the  front  pocket.  The  gun  was  placed  in  a  serviceable  condi- 
tion, however,  by  the  application,  under  shrinkage,  of  steel  hoops  to  the 
chase,  and  on  December  10,  1884,  the  trials  were  resumed  under  the 
personal  supervision  of  Mr.  Haskell.  The  firings  were  continued  until 
tbe  53d  round,  when  the  cast-iron  casing  of  the  gun  gave  way,  cracking 
lengthwise  in  a  line  connecting  the  first  and  third  loading  holes.  The 
effect  of  this  rupture  was  to  permanently  disable  the  gun  from  further 
firing,  and  it  was  accordingly  laid  aside.  The  additional  firing  record 
of  this  gun  is  contained  in  Appendix  21. 
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Obturating  Primers, 

Primers  of  this  class,  both  friction  and  electric,  have  been  made  and 
tested  during  the  year,  with  fairly  satisfactory  results,  at  least  with  the 
friction  primers ;  some  slight  modifications,  however,  seem  yet  to  be 
desirable,  and  before  manafacturing  for  issue  to  the  service  some  addi- 
tional tests  have  been  directed. 

High  Explosives. 

A  considerable  number  of  devices,  involving  the  ase  of  high  explo- 
sives in  projectiles,  have  been  tested  during  the  year — see  appendices 
9, 10,  and  11.  The  experiments  undertaken  by  the  Ordnance  Board 
have  demonstrated  the  necessity  of  substituting  for  the  ordinary  ex- 
plosive gelatine,  heretofore  used  in  their  experiments,  a  camphorated 
variety,  which  shall  prove  less  sensitive  and  more  uniform  in  its  action. 

STEEL  SIEOE  B.  L.  RIFLE. 

Under  instructions  from  the  Department,  the  Ordnance  Board  made 
a  study,  and  submitted  a  plan  of  a  steel  siege  gun.  The*caliber  se- 
lected was  5  inches,  the  length  of  bore  ^  calibers,  and  the  weight  3,500 
pounds,  the  breech  fermature  being  the  interrupted  screw.  The  gen- 
eral design  of  the  gun  was  similar  to  that  of  the  3.2-inch  field  gun — see 
appendix  22.  On  the  recommendation  of  the  Commanding  OfiQcer, 
Watertown  Arsenal,  M«jor  Parker,  to  whom  the  plan  was,  by  request 
of  the  Board  referre(\  for  suggestions,  some  modification  has  been  made 
in  the  original  plan,  and  approved  by  the  Department,  namely :  the 
jacket  has  been  extended  forward  and  under  the  trunnion-hoop;  the 
length  of  bore  has  been  reduced  to  27  calibers,  which  is  as  long  as  the 
bore  of  any  existing  siege  gun,  and  the  walls  of  the  chase  made  some- 
what thicker  to  give  greater  stiffness";  the  maximum  diameter  is  main- 
tained over  the  entire  breech  portion.  These  modifications  have  in- 
creased the  weight  to  about  3,700  pounds. 

A  contract  has  been  entered  into  with  the  Midvale  Steel  Company 
for  furnishing  the  forgings  for  this  gun,  which  are  to  be  oil-tempered 
and  annealed  steel,  the  prescribed  qualities  for  the  tube,  jacket,  and 
trunnion-hoop,  as  determined  from  test  of  tangential  specimens  2  inches 
long,  to  be  as  follows  : 


I 


Tabo. 


Tmnnioii- 
Jackefc.  <     hoop. 


BlAAtic  limit pounds..  42,000 

TenMle Mtrenirtb  pooiide..'  88,000 

Klongation  after  mptare percent..  20;  18  15 

I 


50. 000  48. 000 

M.  000  95, 000 


This  gun  will  be  maimfactured  at  the  Watertown  Arsenal. 

STEEL  FIELD  B.   L.   BIFLE. 

The  trial  of  the  3.2-inch  B.  L.  steel  gun,  designed  by  the  Ordnance 
Board  for  the  field  service,  has  beeu  continued  and  completed  during 
the  past  year  by  the  Board  for  Testing   Bified  Cannon,  &c.    The  gun 
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has  been  fired  1,556  roands  since  the  date  of  my  last  annual  report — or 

1,800  roands  in  all.    It  is  still  in  serviceable  condition,  and  in  the  opinion 

of  the  Board  has  fulfilled  the  reqnirements  of  the  law  to  the  satisfaction 

of  the  Board,  in  that  ^^  it  has  been  subjected  to  the  proper  test,  includ- 

mg  such  rapid  firing  as  a  like  gun  would  be  likely  to  be  subjected  to 

in  actual  battle,  for  the  determination  of  the  endurance  of  the  same." 

The  Board  accordingly  recommends  that  this  gun,  or  its  modification, 

which  is  a  slightly  heavier  model,  is  a  suitable  one  '^to  be  put  to  use  in 

the  Government  service."    The  full  details  of  the  very  complete  and 

careful  tnal  of  the  gun  are  contained  in  the  report  of  the  board.    See 

Appendix  49.    The  piece  has  shown  a  satisfactory  endurance,  extent 

of  range,  and  accuracy  of  fire,  whilst  the  working  of  the  breech  mech- 

anism  has  been  almost  unexceptionable.    The  following  extracts,  taken 

from  the  report  of  the  Board,  are  interesting  and  suggestive  of  the 

character  of  the  gun : 

Preaaurtt,  velociUet,  and  reooiU. 


Xiad  of  powder. 


WelKhti 
ofohATge. 


IK 

I>.L». 

6r.2».. 

L.XA. 

D.L7N. 

Or.  271  . 

L.X.B. 

D.1.79e 

Gr.J7«.. 


I 

[ 

S! 


P<mndM, 
8.S 

8.5 
3.75 

3.75 


Weight  of 
projectile. 


Poundt. 
18 

13 
13 
13 


Velocity 
at  100  feet 


Pressure  per  | 
square  inch  ;  j^      „ 

of  powder    i  "'''^"* 

chamber. 


Feet. 
1.048 

1,581 
1,740 
1,740 


Pounde. 
80,837 

28,029 
84,600 
35.083 


Feet. 
10.08 

10.0 


Bemarks. 


Gun  cold. 
Gun  hot. 


The  maximum  charge  flred  was  3.75  pounds,  and  the  maximum  veloc- 
ity attained  1,749  feet;  the  maximum  pressure  to  which  the  gun  has 
been  subjected  is  37,250  pounds. 

The  mean  range  with  an  elevation  of  20^  was  6,479  jards,  with  a 
mean  deflection  to  the  right  of  95.6  yards. 

At  a  range  of  one  mile  the  mean  deviation  was  from  2.40  to  3.77  feet. 

The  rapidity  of  fire  was,  taking  an  average  of  more  than  900  rounds, 
about  70  roands  per  hour;  the  maximum  and  minimum  rapidity,  tak- 
ing not  less  than  46  consecutive  rounds,  were  as  follows  : 

Maximnm — 46  rounds  in  26  minutes,  or  a  rate  of  120  rounds  per  hour. 

Minimam — 50  rounds  in  79  minutes,  or  a  rate  of  38  rounds  per  hour. 

In  the  comparative  trials  made  by  the  Commission  of  Belgrade,  for 
the  Servian  Oovernment,  with  a  Krupp  3.3-inch  gun,  of  the  Dutch 
model,  1882,  and  a  De  Bange  3.15-inch  gun,  model  of  the  French  artil- 
lery, the  rapidity  of  fire  was  as  follows : 

For  the  Krupp  3.3-inch  gun,  30  rounds  in  34  minutes,  or  a  rate  of 
about  53  rounds  per  hour. 

For  the  De  Bange  3.15-inch  gun,  30  rounds  in  22  minutes,  or  a  rate 
of  82  rounds  per  hour. 
(See  "Beriie  d^ArtiUerie,^  January,  1885.) 
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It  was  also  noted  that  after  a  rapid  fire  of  100  rouDds,  executed  in  90 
minutes,  or  at  the  rate  of  6G  rounds  per  hour,  the  temperature  of  the 
chase  of  the  gun  near  muzzle  was  370^  F. 

The  maximum  enlargement  of  the  chamber  after  1,800  rounds  waa 
.042  inch  on  the  diameter,  but  no  sensible  enlargement  occured  after 
the  315th  round. 

The  maximum  enlargement  of  the  rifled  portion  of  the  bore  was  from 
.03  inch  on  the  diameter  at  70  inches  from  the  muzzle,  to  .008  inch  at  the 
muzzle;  these  enlargements  were  produced  gradually  and  regularly  with 
the  firing  of  the  gun. 

The  difference  in  diameter  of  bore  as  between  the  gun  when  cold  and 
heated  from  firing  was  from  .004-inch  to  .008-inch. 

During  the  firing  the  piece  required  to  be  revented  several  times. 

The  steel  field  carriage  developed  a  weak  point  in  the  side  or  cheek- 
plates,  the  angle  iron  riveted  to  the  under  side  of  the  cheeks  was  broken, 
and  the  cheeks  became  distorted.  This  carriage  was  accordingly  with- 
drawn. The  cheek- plates  are  now  being  remodeled  so  as  to  offer  a  greater 
resistance. 

The  original  design  of  this  field  gun  has  been  subjected  to  some  slight 
modifications,  consisting  mainly  in  the  substitution  of  straight  for  curved 
lines  over  the  breech  portion  and  adding  in  other  parts  a  little  to  the 
weight. 

The  Department  has  contracted  with  the  Midvale  Steel  Company  for 
the  forgings  for  25  of  these  field  guns,  20  of  which  are  to  be  manufact- 
ured at  the  West  Point  Foundry,  and  the  remaining  6  at  the  Watertown 
Arsenal.  The  forgings  for  the  tubes  are  to  be  oil-tempered  and  annealed, 
instead  of  being  annealed  simply,  as  was  the  case  with  the  tube  for  the 
present  gun,  and  the  trunnion-hoops  are  to  be  forged  Instead  of  being 
cast.  These  forgings  are  required  to  fulfill  the  following  conditions  as  to 
physical  qualities,  the  test  specimens  being  taken  tangentially  and  of 
2  inches  length  between  shoulders : 


Tube.    .  Jacket,  j'™:*"' 


]ftlaiitic  limit pouods..       42,000  50,000  48,000 

TensUe  Btren^h... do 88,000  95,000  96,000 

£loxigatioo  attor ruptare percent...             20  18  15 

I 

A  number  of  the  tubes,  jackets,  and  other  parts  have  already  been 
delivered,  and  accepted  as  fully  conforming  to  the  contract  require- 
ments. 

It  is  expected  that  the  25  guns  will  be  completed  early  next  spring. 

MACHINE   GUNS. 

Under  the  appropriation  for  this  purpose  the  Department  has  taken 
steps  to  procure  a  number  of  Hotchkiss,  Gardner,  and  Gatling  guns^  for 
issue  to  the  service. 


'\ 
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I  have  the  honor  to  sabmit  the  following  papers^  heretofore  referred 
to: 

Appendix  1. — Statement  of  principal  articles  procured  by  fabrication 
daring  the  year  ended  June  30^  1885. 

Appendix  2. — Statement  of  principal  articles  procured  by  purchase 
during  the  year  ended  June  30,  1885. 

Appendix  3. — Statement  of  ordnance,  ordnance  stores,  &c.,  issued  to 
the  military  establishment,  including  the  national  homes  for  soldiers  of 
tbe  volunteer  and  regular  Army,  and  exclusive  of  the  militia,  during 
the  year  ended  June  30,  1885. 

Appendix  4. — Apportionment  for  the  fiscal  year  ending  June  30, 1886, 
of  the  annual  appropriation  of  $200,000  for  arming  and  equipping  the 
militia,  under  sections  1661  and  1667,  Revised  Statutes. 

Appendix  5. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  the  militia  from  July  1,  1884,  to  June  30,  1885,  under  section  1667, 
Revised  Statutes. 

Appendix  6. — Statement  of  arms,  ammunition,  &c.,  distributed  to  the 
Territories  and  States  bordering  thereon  from  July  1,  1884,  to  Juue  30, 
1885,  under  the  joint  resolutions  of  July  3, 1876,  March  3, 1877,  and  June 

7, 1878,  and  the  act  of  May  16,  1878. 
Aipeiuii^  7.-— Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 

toeolleges  from  July  1,  1884,  to  June  30, 1885,  under  section  1225,  Ke- 

"rised  Statutes. 
Appauiix  8. — Report  of  action  taken  during  the  year  ended  June  30, 

1^1  Qoder  the  provisions  of  the  act  approved  March  3, 1881. 
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Appendix  9. — Test  of  6-inch  shells  fired  by  the  Dynamite  Projectile 

Company.    (1  plate.) 
Appeiutix  10. — ^Test  of  15-inch  gun  carriage  altered  at  Watertown 

Areenal. 
Appendix  11. — Thayer's  dirrigible  balloon.    (5  plates.) 
Appendix  12. — Bnckner's  aerial  drop  for  explosives.    (1  plate.) 
Appendix  13. — Firings  with  Hotchkiss  mountain  gun.     (2  plates.) 
Appendix  14. — Trial  of  banded  8-inch  projectiles  (experimental),    (7 

plates.) 
Appendix  15. — Winslow's  nitroglycerine  shells.     (1  plate.) 
Appendix  16. — Garrick's  mortar  and  projectile  for  high  explosives. 
Appendix  17. — ^Trial  of  shells  charged  with  explosive  gelatine.    (1 

plate.) 
Appendix  18. — Trial  of  Oardner  machine  guns.     (4  plates.) 
Appendix  19. — Preliminary  trial  of  the  12-iuch  rifled  mortar.   ( 1  plate.) 
Appendix  20. — Progress  report  on  the  trial  of  the  12-inch  cast-iion 

breech-loading  rifle. 
Appendix  21. — Final  flring  and  rupture  of  the  6-inch  multicharge  gun* 

(2  plates.) 
Appendix  22. — Data  for  constructing  5-inch  siege  gun.    (1  plate.) 
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ORDNANCE  CONSTRUCTION. 

Appendix  23.->CoDStractioQ  report  of  the  cafitiron  body  for  the  10- 
inch  wire- wrapped  breechlbading  rifle. 

Appendix  2L — GonstructioQ  report  of  12-iQch  cast-iron  breech- loading 
rifle.    (I  plate.) 

Appendix  25. — Goustrnction  report  of  12- inch  cast-iron  rifled  mortar 
hooped  with  steel.    (5  plates.) 

Appendix  26. — Report  on  experimental  cylinder  from  the  12-inch  rifled 
mortar. 

Appendix  27. — Report  on  an  experimental  compound  gun  cylinder, 
from  >-inch  steel  rifle.    (4  plates.) 

Appendix  28. — Report  on  experimental  cylinder  from  the  12-inch  cast- 
iron  breech-loading  rifle. 

Appendix  29. — Analysis  of  results  from  experimental  cylinder  repre- 
senting a  section  of  12inch  breech-loading  rifle,  hooped  and  tubed. 

Appendix  30. — Experiments  with  molten  cast-iron  in  contact  with  oil- 
tempered  steel.    (1  plate.) 

Appendix  31. — Subjecting  oil-tempered  steel  to  a  high  furnace  heat. 
(2  plates.) 

Appendix  32. — Annual  report  of  Inspector  of  Ordnance  at  South 
Boston  Iron  Works.    (1  plate.) 

Appendix  33. — Computation  of  shrinkages,  &c.,  for  8- inch  steel  rifle. 
(1  plate.) 

Appendix  34. — Tables  of  forgings  for  8, 10, 12,  and  16-inch  steel  guns. 

Appendix  35. — Proposed  12-iuch  and  16-inch  breech- loading  steel  rifles. 
(1  plate.) 

Appendix  36. — Inspection  report  of  8-inch,  experimental, '  banded 
cored  shot. 

Appendix  37. — Inspection  report  of  8-inch  Hotchkiss,  banded,  cored 
shot.    (2  plates.) 

Appendix  38. — Manufacture  of  8-inch  chilled  projectiles. 

Appendix  39. — Inspection  report  of  12-inch  mortar  shells  and  sabots. 

Appendix  40. — Packing  cases  for  heavy  projectiles.    (2  plates.) 

Appendix  41. — Inspection  report  of  8  and  lo  inch  shot  for  breech- 
loaders.   (1  plate.) 

Appendix  42. — Reconstruction  of  converted  8-inch  rifle,  No.  68,  breech 
insertion. 

Appendix  43. — Wire  drawing  from  steel  billets  at  Trenton  Iron  Works. 

Appendix  44. — Progress  of  work  at  Midvale  Steel  Works. 

Appendix  45. — Converting  cast-iron  guns  into  8  inch  rifles  with  steel 
tubes.    (1  plate.) 

Appendix  46. — Cold  rolling  steel  bars  for  Woodbridge  gun.  (2  plates.) 

Appendix  47. — Manufacture  of  steel  gun  wire  at  Trenton  Iron  Works. 
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RBPORTS  OF  THB  BOARD  FOR  TESTING  RIFLED  CANNON  APPOINTED 

TjriVBBB  THB  ACT  OP  JULY  6,  1884. 

Appendix  4d. — Pro^^ress  report  on  the  8-iDch  Yates  breech-loadiug 
rifle. 

Appendix  49. — Report  of  trial  of  3.2-iiich  breech-loadiag  steel  rifle. 
(3  plates.) 

MISCELLANEOUS    REPORTS. 

Appendix  50. — ^Beport  of  the  principal  operations  at  the  United  States 
Powder  Depot,  Dover,  N.  J.,  daring  the  fiscal  year  ended  June  30, 1885. 
(2  plates.) 

Appendix  51. — ^Report  of  the  principal  operations  at  the  Bock  Island 
Arsenal,  Illinois,  daring  the  fiscal  year  ended  June  30, 1885.    (8  plates.) 
Appendix  52. — Method  of  sighting  8inch  rifles.    (1  plate.) 
Appendix  53. — Report  on  the  pole  lift  for  field  artillery  carriages.    (1 
plate.) 

Appendix  54- — Experimental  carriage  and  ammunition  cart  for  Oat- 
ling  guns.    (3  plates.) 

Appendix  55. — Saddle  carriage  for  Hotchkiss  Mountain  gun.   (1  plate.) 
Appendix  56. — ^Metallic  limbers  for  3.2-inGh  field  carriages.    (6  plates.) 
Appendix  57. — Metallic  carriages  for  3.2-inch  steel  gun.    (1  plate.) 
Appendix  58. — Metallic  caisson  and  battery  wagon  for  field  service, 
and  wagon  for  ammunition  column.    (5  plates.)  • 

Appendix  59. — Artillery  machines.    (1  plate.) 
Appendix  &0. — ^Metallic  carriages  for  Oatli.ng  guns.    (6  plates.) 
Appendix  61. — Showing  the  Stations  and  duties  of  the  officers  of  the 
Ordnance  Department. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  V.  BBNfiT, 
Brigndier-Oeneral,  Chief  of  Ordnance. 

To  the  Hon.  SBOBBTABy  op  Wab. 
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Statement  of  principal  articles  procured  by  fabrication  during  the  fiscal 

year  ended  June  30,  1885. 

Glass  II. 

35  gun  carriages  for  Life-Saving  Service. 

20  metallic  carriages  and  limbers  for  Qatling  gnns. 

1  field  caisson  and  limber* 

1  battery  wagon  and  limber. 

■4L  metallic  limbers  for  3.2-inch  rifle.  • 

7  carriages  and  chassis  for  15-inch  gun. 

1  "  Brewers ''  carriage  and  chassis  for  15-inch  gun. 

1  ''Timbys"  carriage  and  chassis  for  15  inch  gnn. 

3  carriages  and  chassis  for  11 -inch  rifle. 

6  barbette  carriages  and  chassis  for  8-inch  rifle. 

2  casemate  carriages  and  chassis  for  8-inch  rifle. 

Class  III. 

a 

3  breech-sights  for  Hotchkiss  mountain  guns. 

4  breech-sights  for  Hotchkiss  revolving  cannon. 

7  breech-sights  for  3.2-inch  rifles. 

2  breech-sights  for  L2-pounder  mountain  howitzer. 

50  breech-sights  for  8-inch  rifles. 

10  iron  water  buckets. 

15  maueavering  bars. 

6  elevating  bars  for  15-inch  gun. 

6  elevating  arcs  and  indices  for  8-inch  rifles. 

2  fuze  blocks. 

4  fuze  plug  wrenches. 

16  gunners'  gimlets. 
12    gunners'  pincers. 

4    gun  covers  for  Oatling  guns. 
1^  gun  cover  for  12-pounder  mountain  howitzer. 
35    gunners'  haversacks  for  Revenue  Marine  Service. 

3  handspikes. 

232  seta  artillery  harness  for  2- wheel  horses. 

150  sets  artillery  harness  for  2-lead  horses. 

34  harness  sacks. 
50  lanyards. 

93  muzzle  or  front  sights. 

70  powder  measures. 

57  priming  wires. 

1  pouch  for  sights. 

35  quoins  for  Life- Saving  Service. 

I 
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20  oilers  for  Oatling  gan  carriages. 

3  plummets. 

100  securing  stakes. 

2  pendulum  hausses  for  12-pounder  guns. 

2  shot  carriers. 

48  sponge  covers  for  Sinch  rifles. 

4  sponge  covers  for  12-pounder  guns. 

35  sponge  covers  for  2^inGh  life-saving  guns. 

1  sponge  and  rammer  for  Hotchkiss  mountain  gun. 

16  sponges  and  rammers  for  12-pounder  mountain  howitzer. 

12  sponges  and  rammers  for  12pounder  guns. 
148  sponges  and  rammers  for  3-inch  guns. 

35  sponges  and  rammers  for  2^-inch  life-saving  guns. 

6  thumbstalls. 

126  tompions  for  3-inch  rifles. 

2  tompions  for  3.2-inGh  rifles. 
124  tompions  for  12-pounder  guns. 

7  tompions  for  10-inch  rifles. 

13  pendulum  hausse  pouches. 
600  vent  gimlets. 

114 '  vent  covers. 

'  600  vent  punches. 

29  vent  pieces. 

32  wipers  for  mortars. 

35  wipers  for  2^-inch  life-saving  guns. 

2  water  tubs. 

4  worms  and  staves  for  3-inch  rifles. 

2  worms  and  staves  for  12-p0under  guns. 

Class  IV. 

522  3-inch  Eureka  shot. 

979  4.2-inch  Eureka  shot. 

30  8  inch  shot. 

522  3-inch  Eureka  shells. 

2,465  3.2.iuch  shells. 

1, 500  3.2-inch  case  shot. 

Class  V. 

13  3.2-inch  wire  canister. 

7  8-inch  service  canister. 

9  84nch  choke  canister. 

Class  VI. 

37, 557  Springfield  rifles,  caliber  .45. 

100  officers'  rifles,  caliber  .45. 

2, 500  Springfield  cadet  rifles,  caliber  .45. 

500  Springfield  shotguns. 

500  officers'  swords. 

5, 000  hunting  knives. 

Class  VII. 

ARTILLERY  ACG0UTSRMBNT8. 

11  knapsacks  for  light  batteries. 
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Aj  500    carbine  slingH. 
2,  600    saber  belts. 

84    saber-belt  plates. 


INFANTRY  EQUIPMENTS. 


5,  900  bayonet  scabbard. 

10,  237  bayonet  scabbard  bodies. 

10, 135  blanket  bags. 

10, 135  blanket-bag  shoulder  straps. 

10,  925  pairs  coat  straps. 

9,  049  cartridge  boxes,  pattern  1874,  McKcever. 

200  cartridge  boxes,  caliber  .45,  with  wood  blocks. 

11, 600  canteens. 

9, 650  canteen  straps. 

1,  250  cartridge-belt  plates. 

222  frogs,  sliding. 

15, 269  ganslings. 

8, 925  haversacks. 

6, 800  haversack-straps. 

*5, 000  banting  knife  scabbards. 

470  meat  cans. 

750  magazine  belts  for  Lee  rifle. 

100  officers'  sword  belts. 

12  shoulder  belts  and  plates. 

30  sheaths  for  intrenching  tools. 

4, 945  tin  caps. 

3, 301  waist  belts. 

2, 421  waist-belt  plates. 

6, 455  waist  belts  and  plates. 

750  waist  belts,  black  leather. 


APPENDAGES. 


33, 000  headless  shell  extractors. 

11,  720  front  sight  covers  for  rifles  and  carbines. 

28, 766  screw-drivers. 

18,  650  wooden  wiping-rods. 

HOBSE  EQUIPMENTS. 

4,  701  bridles,  curb,  cavalry. 

1,  021  bridles,  watering. 
5, 061  bits,  carb,  cavalry. 

2,  783  cinchas,  or  hair  girths. 
10, 180  curry  combs. 

1,001  halters  and  straps. 

7,271  horse  brushes. 

500  horse  covers. 

1,000  lariats. 

2,000  saddles,  cavalry,  leather  covered. 

65  saddle  cloths,  hair. 

5,300  spur  straps. 

34  brush  and  shoe  pouches. 
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Class  VIII. 

33,496  blank  cartridges,  3-iuch  gan. 

4,463  blank  cartridges,  6-pounder  gun. 

6)800  blank  cartridges,  ^  pound. 

1,730  blank  cartridges,  1  pound. 

2,000  blank  cartridges,  2  pound. 

9,125  blank  cartridges,  12-pounder  mountain  howitzer. 

28,005  blank  cartridges,  12-pounder  gun,  light. 

300  blank  cartridges,  12-pounder  gun,  heavy. 

60  blank  cartridges,  3.2-inch  gun. 

3,301,187  rifle  ball  cartridges,  caliber  .45,  reloading. 

848,520  rifle  and  carbine  blank  cartridges,  caliber  .45,  reloading. 

1,763  rifle  ball  cartridges,  caliber  .45,  experimental. 

1,619,626  carbine  ball  cartridges,  caliber  .45. 

863,608  revolver  ball  cartridges,  caliber  .45,  reloading. 

141,310  revolver  blank  cartridges,  caliber  .45,  reloading. 

6,490,960  rifle  bullets,  caliber  .45,  500  grains. 

1,980,413  carbine  bullets  caliber  .45,  405  grains. 

1,868,000  round  balls,  caliber  .45. 

300,000  revolver  bullets,  caliber  .45. 

100  paper  fuzes,  5  seconds  to  the  inch* 

100  paper  fuzes,  8  seconds  to  the  inch. 

100  paper  fuzes,  12  seconds  to  the  inch. 

100  paper  fuzes,  15  seconds  to  the  inch. 

200  paper  fuzes,  20  seconds  to  the  inch. 

100  paper  fuzes,  25  seconds  to  the  inch. 

43  metallic  time  fuzes. 

209,800  fHction  primers. 

5,150  electric  primers  for  cannon. 

20  Krupp's  cannon  primers. 

75  friction  obturating  primers. 

Class  IX. 

300  blocks. 

22  halfblocks. 

28  quarter-blocks. 

3  snatch  blocks. 

2  capstans. 

8  capstan  bars. 
2  gun  chocks. 

54  roller  chocks. 

1  gun  collar. 

1  cradle  for  heavy  guns. 

5  gin  falls. 

10  handspikes,  gin. 

14  rollers,  long. 

'  12  rollers,  short. 

30  shifting  planks. 

38  skids. 

7  sling  chains. 

1  sling-cart,  small. 

1  trunnion  loop. 

2  platforms  for  mortars. 

9  platforms  for  siege  carriages. 
60  Elliott's  intrenching  tools. 
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30  trestles  for  siege  mortars. 

1  gun-lift  for  15-inch  gun. 

1  implement  and  tool  cart. 

1  Sanger's  gnu  shield. 

10  marking  outfits. 

30, 000  marksmen's  buttons. 

7 J  650  marksmen's  pins. 

4, 000  sharpshooters  badges. 

60  leather  bags  for  iutrenching  implements. 

1  trace  rope. 

1  tripod,  sighting. 
63  disks. 

19, 054, 000  pasters  for  targets. 

417  signal  flags. 

120  shot  marks. 

263  streamers  for  rifle  range. 

166  targets,  Laidley,  revolving. 

2  targets,  Brinten. 
30  targets,  Gushing. 

1  target,  Lancaster. 

1  target,  Texas. 

91, 600  paper  targets. 

1, 672  target  frames. 

1  plane  table. 

RELOADING  TOOLS. 

12  adjustable  chargers,  Michaelis. 

100  chargers. 

415  relos^ing  dies. 

499  resizing  dies. 

280  priming  tools. 

1  primer  punch. 

405  combination  anvils. 

135  drifts. 

265  funnels. 

478  reloading  punches. 

294  resizing  punches. 

201  shell  scrapers. 

200  wiping  rods. 

Class  X. 

1  metal  ammunition  chest. 

1  shaft  for  Laidley  cavalry  forge. 

6  poles  for  artillery  carriages. 

4  middle  rails  for  field  caissons. 

4  brass  boxes  for  15- inch  carriages. 

16  bolts  and  nuts  for  15-inch  carriages. 

3  cylinder  straps  for  15- inch  carriages. 
8  forks  for  field  limbers. 

6  foot  boards  for  field  limbers. 

8  bounds  for  foot  limbers. 

80  trunnion  rings,  eccentric  for  d-inch  B.L.  rifle 

8  shoes  for  No.  1  wheels. 

74  collars. 

62  leg  guards. 
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6  breast  straps. 

24  collar  pads.    . 

1  seat  (front  sight)  for  3.2-inch  gun. 

1  thumbscrew  for  rear-sight  of  Hotchkiss  gun. 

12  splinter  bar  traces. 

12  rammer  heads  for  30-ponnder  Parrott. 

115  woolen  sponges  for  3-inch  rifled  guns. 

20  woolen  sponges  for  12- pounder  mountain  howitzer. 

12  woolen  sponges  for  8-inch  rifle. 

6  woolen  sponges  for  15-inch  guns. 

600  copper  bands  for  3.2-inch  shells. 

100  bushings  for  4.5-inch  Butlei  shells. 

SPARE  PARTS  OP  SPRINGFIELD  RIFLE  AND  CARBINE^  VIZ: 

2124  Stocks  (wood  part)  Springfield  rifle. 

171  tips. 

169  tip  screws. 

1, 950  ramrod  stops. 

464  band  springs. 

490  side-screw  washers. 

308  butt  plates. 

850  butt'plate  screws. 

163  butt-plate  covers. 

204  cover-springs. 

35  cover-spring  screws. 

128  cover-friction  springs. 

200  cover-stud  pins. 

420  guard  plates. 

238  guard  bows. 

643  guardbow  swivels. 

780  guard-bow  swivel  screws. 

304  guard-bow  nuts. 

11, 278  triggers. 

994  trigger  screws. 

1, 055  guard  screws. 

4, 748  rear-sight  bases. 

2, 962  rear-sight  base  springs. 

1, 288  rear-sight  base  screws. 

2, 005  rear-sight  leaves. 

308  rear-sight  slides,  complete. 

1, 068  rear-sight  slide  plates. 

1, 468  rear-sight  f  lide  blocks. 

4, 619  rear-sight  slide  springs. 

2, 034  rear- sight  slide  screws. 

182  rear-sight  centering  pins. 

524  rear-sight  joint  pins. 

3, 747  rear-sight  buckhorn  plates. 

2, 679  rear-s)ght«,  complete. 

47  barrels,  complete. 

5, 795  extractors. 

2, 582  hinge  pins. 

4, 175  ejector  springs. 

894  ejector-spring  spindles. 

972  ejector  studs. 

61  cam  latches. 
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4M 

breech-block  caps. 

370 

thamb  pieces. 

1 

breech  block. 

121 

breech-block  cap  screws. 

10, 519 

firing  pins. 

2,713 

firing-pin  screws. 

l,d53 

cam-latch  springs. 

53 

breech  screws. 

1,320 

front  sights. 

1,232 

front-sight  rivets. 

1,643 

ta.ng  sciews. 

183 

bands^  upper. 

200 

band  swivels. 

14 

band-swivel  pins. 

645 

bands,  lower. 

187 

lock  plates. 

510 

main  springs. 

369 

main-spring  swivels. 

582 

main-spring  swivel  rivets. 

449 

hammers. 

3,935 

tnmblers. 

1,291 

tumbler  screws. 

594 

bridles. 

2,291 

bridle  screws. 

2,587 

sears. 

2,473 

sear  screws. 

ao9 

sear  springs. 

1,486 

sear-spring  screws. 

101 

locks,  complete. 

1,243 

side  screws. 

1,570 

ramrods. 

366 

bayonet  clasps. 

348 

bayonet-clasp  screws. 

1,688 

bayonets,  complete. 

100 

swivel  bases. 

100 

swivel  bars. 

2 

swivels,  complete. 

181 

stocks,  complete. 

87 

band  gan-sling  swivels. 

52 

band  stacking  swivels. 

2 

bands  for  officers'  swords. 

1 

blade  for  officer's  sword. 

1 

hilt  for  officer's  sword. 

2 

scabbard  tips  for  officers'  swords. 

4 

scabbard -tip  screws  for  officers'  swords. 

50 

gnards  for  cavalry  officers'  sabers. 

100 

broad  sword  blades,  wood. 

3,039 

pistol  grips. 

'    2t>3 

pistol-grip  screws. 

200 

rod  bayonet  springs. 

600 

rear-sight  gibs. 

3 

barrels  and  receivers  for  Springfield  shotgnn. 

10 

front  sights  for  Springfield  shotgnn. 

1 

bolt  for  Ghal'ee-Reece  rifle. 

1 

cartridge-lifting  spring  for  Ohaflfee-Reece  rifle. 

10 

ejector  springs  for  Chaifee-Beece  rifle. 
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10  extractors  for  Ghaffee-Reece  rifle. 

10  firing  pins  for  Chaffee-Beece  rifle. 

20  main  springs  for  Ofaaffee-Beece  rifle. 

19  extractors  for  Springfield  shotgun. 

2  stocks  (wood  part)  for  Spring^field  shotgun. 

1, 012  firing- pin  springs. 

2y  000  buckles,  bar,  brass,  J  inch. 

10, 000  buckles,  wire,  brass,  f  inch. 

6, 467  canteen  covers. 

140  hooks,  brass,  for  canteen  straps. 

904  cartridge  blocks,  caliber  .45  "  R.  I.  M.'^ 

80  thongs,  lacing  for  cartridge  belts. 

500  bridle  reins. 

894  cincha  straps. 

1,  000  curb  straps. 

5, 000  fasteners  for  side  lines. 

3, 036  foot  staples,  brass. 

271  girth  straps. 

4, 100  halter  straps. 

500  headstalls  for  bridles. 

.  10, 000  hooks,  double  S. 

50  hook  straps. 

1, 485  halters. 

498  girth  safes. 

100  loops  for  saber- belt  plates. 

2, 048  ovals,  guard-plate. 

300  rings,  iron,  2|  inch. 

5,  000  staples  for  rings. 

2,  000  stirrup  straps. 

70  slides,  brass,  with  hooks. 

50  saber  hooks  and  bands. 

16  staples  for  valise  straps. 

1, 352  cartridge  bags,  ^  pound. 

20  cartridge  bags,  1  pound. 
520  cartridge  bags,  2  pounds. 

10, 854  cartridge  bags,  3-inch  gun. 

6,600  cartridge  bags,  6-pounder  gun. 

300  cartridge  bags,  10-inch  Rodman  gun. 

31,850  cartridge  bags,  12ponnder  gun. 

2,450  cartridge  bags,  3.2-inch  breech-loading  chambered  rifle. 

15,000  cartridge  bags,  12-pounder  mountain  howitzer. 

200  cartridge  bags,  6.5-inch  Mann  rifle. 

19  cartridge  bags,  12-inch  breech-loading  rifle. 

2,879,000  carbine  cartridge  wads. 

11,791,000  cartridge  primers. 

6,160  cartridge  shells,  rifle. 

20,000  cartridge  shells,  revolver. 

33,490  cartridge  shells,  shotgun. 

1,745  parts  of  Laidley  revolving  targets. 

43  parts  of  Gushing  target. 

12  washers  for  reloading  punch. 

12  caps,  crimping  die. 

100  tools,  primer  box. 

1  plug,  gauging,  resizing  die. 

2  screws,  priming  tool  spindle. 

1  mallet  for  reloading  tools. 

2  poles  for  sling  cart. 
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2,01^ 

[    arm  chests. 

4,602 

boxes,  packing. 

10 

boxes,  packing,  tin. 

321 

cans,  tin. 

1 

case,  office. 

201 

boxes  reloading  tool. 

100 

boxes,  paper. 

200 

bags  for  powder. 

1 

set  harness. 

15 

aprons,  smiths'. 

1 

block,  priming,  lead. 

296 

brushes. 

87 

bits,  assorted. 

50 

quarts  blacking  for  leather. 

1 

caliper. 

1 

cart. 

413 

chisels,  various. 

20 

clamps,  saddlers'. 

500 

chamois-skin  cases  for  swords. 

936 

disks,  pressure,  copper. 

377 

dies,  various. 

866 

drills. 

36 

cylinders,  crushergaage. 

600 

cylinders,  copper. 

115 

boxes  cleaning  material. 

5 

funnels.         • 

1,089 

files,  assorted. 

363 

files,  rotary. 

350 

pounds  fulminate  of  mercury. 

134 

gauges,  assorted. 

2 

gas-checks  (De  Bange). 

420 

pounds  grease,  wheel. 

4 

gauges,  ring,  for  setting  star  gauge. 

2 

gauges,  ring,  for  projectiles. 

2 

gauges,  fuse  thread. 

1 

gauge,  expansion  caliber. 

2 

gauges,  pressure. 

10 

hammers. 

14 

horses,  saddlers'. 

158 

boxes,  ingredients  for  leather  blacking. 

80 

gallons  lacker. 

28 

mallets. 

1 

machine,  milling. 

1 

machine,  buUeMubricating. 

1 

machine,  bullet-pressing. 

1 

machine,  cartridge-heading. 

1 

marker  for  cartridge  bags. 

1 

set  model  rifle-ball  cartridge,  caliber  .50. 

1 

model  rifle  bullet,  caliber  .50. 

3 

molds,  fuse  plug,  3.2'^  projectile. 

6 

molds,  lead  bar. 

10 

measures,  tin. 

1,554 

mills,  armorer's. 

104 

mandrels. 
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11  measaring  points,  star  gaage. 
2  maals. 

7, 346  pounds  oil,  harness. 

4  punches,  assorted. 

171  pounds  paint,  black. 

1,  750  pounds  paint,  olive. 

2, 300  pounds  paint,  assorted. 

2  pounds  putty. 

10  plates,  wrought-iron. 

16  pans,  dust. 

5|  pounds  polish  for  leather. 

50  pounds  polishing  materials. 

482  racks,  arm,  portable. 

389  reamers.  • 

8  rods,  measuring,  adjustable. 

1  scale,  pressure. 

2  scrapers,  iron. 

14  pair  slippers,  magazine. 
10  sets  stamps,  figures. 

3  stamps,  seal. 
1  star  gauge. 

826  parts  of  stoves. 

10  pounds  scouring  materials. 

1  set  stencil  outfit. 

2  star- gauge  guides. 

2  scoops. 

3  stamps,  shell  and  flame.  « 
1  star-gauge  support. 

207  taps,  various. 

885  tools  for  current  service. 

1  set  fuse  tools. 

1  templet,  fuse. 

2  templets,  screw-thread  8-inch  rifle. 
2  sets  tools,  crusher-gauge. 

1  set  tools,  obdurating  primer. 

2  one-horse  wagons. 
70  pounds  wax,  black. 

8  wheelbarrows. 

1  wrench  and  tap  for  vent  piece. 

1  wire  inspecting  instrument. 

12  iron  posts  for  military  reservation. 
1  pair  pole  straps,  draught  harness. 

1  griudstone  frame. 

15  tree  guards. 

7  button  sticks. 

2  straps,  steel. 
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Statement  of  principal  artieleit  procured  by  purchase  during  the  fiscal  year 

ended  June  30,  1885. 

Glass  I. 

1  8-inch,  Yates,  breech-loading  rifle,  converted. 

1  6^-inch,  Mann,  breech-ioadiug  rifle,  converted. 

1  12-inch  rifled  mortar,  hooped  with  steel. 

32  Oatling  gnns  (10  barrel),  caliber  .45. 

1  Hotchkiss  rapid  flring  cannon,  57™°^. 

Class  II. 
4     Ammunition  chests  for  Hotchkiss  rapid-firing  cannon,  57^^. 

Class  III. 

8  chocks,  15-inch  gan. 

14  backets. 

20  feed-cases,  Gatling  gun,  caliber  .45. 

128  feed-magazines,  Gatling  gan,  caliber  .45. 

4  gan  scrapers. 

2  mortar  wipers. 

100  paalins  12  by  15  feet. 

8  pinch  bars. 

19  sight  seats  for  guns. 

Class  IV. 

300  15-inch  solid  shot. 

309  12  inch  cored  shot. 

308  12-inch  mortar  shell. 

1,010  8-inch  Butler  shot. 

25  8-inch  Butler  shell. 

6  8-inch  steel  shot. 

223  8-inch  Hotchkiss  shot. 

4  8-inch  nitroglycerine  shell. 

6  6-inch  dynamite  shell. 

500  steel  shell  for  Hotchkiss  rapid-finug  cannon,  57°*™. 

600  empty  metallic  cases  for  Hotchkiss,  57"™  gun. 

8  glass  bottles  for  shell. 

Class  VI. 

550    Hotchkiss  magazine  rifles,  caliber  .45. 
760    Lee  magazine  rifles,  caliber  .45. 
2,000    Colt's  revolvers,  caliber  .45. 

11 
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Class  VII. 

2,119  saddle  blankets,  cavalry. 

16  curry  combs. 

4  horse  brushes. 

3, 550  sets  knives,  forks,  and  spoons. 

Class  VIII. 

1, 200  pounds  blasting  powder. 

10, 179f  pounds  brown  prismatic  powder. 

17, 100  pounds  hexagonal  powder. 

40, 000  pounds  mortar  powder. 

121, 500  pounds  musket  powder. 

700  pounds  square  powder. 

500, 000  rifle-ball  cartridges,  caliber  .50. 

115, 000  rifle-ball  cartridges,  caliber  .45. 

20, 000  primed  shells,  caliber  .50. 

350  Hotchkiss  base  fuzes. 

100, 000  lubricated  bullets. 

400  paper  shells.  ^ 

112, 000  primers  for  cartridges. 

27, 150  pounds  drop  shot. 

1, 162, 000  wads. 

22  feet  safety  fuze. 

Class  IX. 

8  double  blocks. 

6  single  blocks. 

5  pulley  blocks. 

2  quadruple  blocks. 

3  tackle  blocks. 

5  triple  blocks. 
1  gin  fall. 

3  gin  slings. 

6  hydraulic  jacks. 
5  lifting  jacks. 

24  steel  pins  for  15-inch  carriage. 

3  sling  chains. 

44  steel  wheels  for  15-inch  carriage. 

52  steel  rollers  for  15-inch  carriages. 

40  white- oak  rollers. 

8  iron  rollers. 

4  gun  slings  (rope). 

Class  X. 

4,  464  bar  buckles. 

189|  pounds  escutcheon  pins. 

2, 208  halter  bolts. 

4, 452  halter  squares. 

11, 349  roller  buckles. 

6, 444  rings. 

8  saddletrees. 

307  8inch  Butler  sabots. 

200  12-inch  mortar  sabots. 

8,  670  spring  snaps. 
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8  pairs  stirraps. 

9,  709  gnu  stocks. 

500  tin  straps  for  sabots. 

80  wheels  for  artillery  carriages. 

4, 278  parts  of  Colt's  revolver. 

80  parts  of  Gratling  gun. 

125  parts  of  Hotchkiss  gan. 

89  parts  of  Hotchkiss  magazine  rifle. 

105  parts  of  Lc^  magazine  rifle. 

900  parts  of  Scofield,  Smith  &  Wesson  revolver. 

100  parts  of  rifles. 

30  parta  of  infantry  eqaipmeuts. 
47  parts  of  gan  carriages. 

24  pintle-bolsters  for  sea-coast  carriages. 

156  rubber  buffers  for  15-inch  carriages. 

20  gun  checks,  Mann  6^-inch  breech-loading  rifle. 

100  copper  bands,  Mann  6^-inch  projectiles. 

1  set  loading  tools,  Hotchkiss  rapid-flring  cannon,  57"*. 

10  bands,  12-inch  Hotchkiss  shot. 

PART  BEOOND:   CLOTH,  SOPE,  THREAD,  d?C. 

132     yards  burlaps. 
32    yards  cloth,  oiled  and  enameled. 
6    yards  cloth,  woolen. 
12    yards  cloth,  rubber. 
82, 218^  yards  cotton  cloth. 

657    yards  cotton,- felt,  and  petersham. 
7 J  472    pounds  cotton  waste. 
1, 7()9f  pounds  cord  and  twine. 
1, 253    yards  cord  and  twine. 
12f  yards  canvas. 

31  yards  carpeting. 

51  yards  canton  flannel. 
328$  yards  flannel. 

2,  246  pounds  hair. 

105  pounds  marline. 

100  feet  marline. 

52  pounds  moss. 
20  yards  matting. 

145    pounds  oakum. 
10, 365|  pounds  rope. 

39    pounds  sewing  silk. 
36    spools  sewing  silk. 
100    3*ards  tape,  braid,  &c. 
1, 877f  pounds  thread. 
94    spools  thread. 
5    yards  ticking. 
112    towels. 
35    yards  toweling. 
36, 288    yards  webbing. 

34^  yards  window  shades. 

44  window  shades. 

45  pounds  yarn. 
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FORAaE. 

17, 651  poauds  barley. 

19, 935  poands  bran. 

391  boshels  corn. 

28^  barrels  flour. 

22  bushels  grass-seed. 

9,405  pounds  ground  feed. 

200, 641  pounds  hay. 

22, 634  pounds  meal. 

8, 349f  bushels  oats. 

10  bushels  rye. 

20  bushels  salt. 

1, 510^  pounds  salt. 

88, 645  pounds  straw. 

IRONMONaSRY. 

60}  pounds  babbitt  metal. 
36    bath-tubs  and  fixtures. 
606, 340    pounds  I  and  channel  beams.  . 
7    bells. 
22    blind-fasteners. 
3    boilers. 
7,761     bolts. 
127    pounds  bolts. 
6    pounds  brads. 
136    papers  brads. 
61|  pounds  brass  rods. 
62    feet  brass  rods. 
^  801^  pounds  sheet  brass. 
100    buckles,  assorted. 
103^  pounds  burrs. 
536    buttons. 
3    sets  castors. 
2, 507    pounds  bronze  and  brass  castings. 
99, 166    pounds  iron  castings. 
70    iron  castings. 
384    pounds  steel  castings. 
2, 260^  pounds  chain. 
6, 182    feet  chain. 

433    cocks,  assorted. 
14, 369^  pounds  bar  copper. 
263,392|  pounds  cartridge  copper. 
15, 833|  pounds  sheet  copper. 
42    couplings. 
1    set  couplings. 
97    door-catches  and  fixtures. 
19    escutcheons. 
^,144    eyelets. 
397    gas  burners. 
614    gas  fixtures,  assorted. 
18    papers  glazier's  points. 
962    pennyweights  gold. 
1, 480    pounds  grate-bars. 
1, 186    pairs  hinges. 
1, 248    hooks,  assorted. 
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9, 908    horseshoes. 
525    pounds  horseshoe  nails. 
28    hose  fittings. 
4,471^  ponnds  hoop  iron. 

S5^^^  tons  pig  iron. 
5y  471    pounds  sheet  iron.         ' 
316, 905    ponnds  wrought  iron. 
108    keys. 

221    knobs,  assorted. 
4, 589    pounds  lead. 
1, 198    locks,  assorted. 
57,548J  ))ouuds  nails. 
120    nails,  assorted. 
269    nuts,  assorted. 
7, 643    pounds  nuts,  assorted. 
16^  pounds  brass  pipe. 
42|  pounds  copper  pipe. 
504|  pounds  iron  pipe. 
25,  919j  feet  iron  pipe. 
6, 382^  pounds  lead  pipe. 
1, 550^  feet  lead  pipe. 

13    pounds  pipe  fittin|>s. 
4, 392    pii>e  fittings,  assorted. 
3    pumps. 
221     pulleys. 
213     radiators. 

17  reducers. 

4, 586f  ponnds  rivets,  assorted. 
6, 000    rivets,  assorted. 
1, 263    ponnds  rivets  and  burrs. 
110    rollers. 
659J  feet  metallic  rope. 
640    pounds  sash  weights. 
4, 486^  gross  screws,  assorted. 
1, 664    screws,  assorted. 
110    gross  screw-eyes,  &c. 
230^  pounds  German  silver. 
61, 95' •    pennyweights  silver. 
10    sinks. 
53U  pounds  solder. 
10, 660    ponnds  spikes. 
41^  IK)unds  springs. 

18  springs. 

736, 525J  pounds  bar  and  plate  steel. 
3, 361     pounds  steel  forgings. 
15, 216    |)ounds  sheet  steel. 
6    pounds  staples. 
34    staples. 
2,117,041     tdcks. 

237^  l)Ounds  tacks,  assorted. 
62, 159f  pounds  block  tin. 
1, 01l|  ponnds  tinfoil. 
109|  boxes  sheet  tin. 
2,  444    square  feet  tin. 
210^  pounds  tubing.       \ 
12    feet  tubing. 
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199^  pounds  washers. 
696    washers. 

171    water  closets  and  fixtares. 
6, 036g  pounds  brass  wire. 
16, 807    pounds  copper  wire. 
500    feet  copper  wire. 
757J  feet  wire  cord. 
27|  pounds  German-silver  wire. 
17, 456|  pounds  iron  wire. 

226|  feet  platinum  wire. 
1, 214    feet  wire  grating  and  netting. 

134|  square  yards  wire  cloth. 
5, 150|  pounds  steel  wire. 

1 ,  764    wire  ferrules,  assorted. 
263    window  fixtures. 

2,  519    pounds  zinc. 
300    tin-can  screws. 
110    lightning  fixtures. 

LEATHER,  HIDES,  irO. 

1, 900    feet  belt  lacing. 
1,  642^  pounds  bristles. 
334f  pounds  black  wax. 

5  pounds  apron  leather. 
9, 016|  feet  leather  belting. 

294    pounds  buff  leather. 
72, 725|  square  feet  collar  leather. 
1, 076    sides  collar  leather. 

106^  pounds  bellows  leather. 
2, 575    sides  bridle  leather. 
32, 346^  pounds  harness  leather. 
3, 210|  square  feet  bellows  leather. 
17    sides  la^e  leather. 
274|  pounds  lace  leather. 
356^  pounds  sole  leather. 
69    pounds  walrus  leather. 
55    feet  rubber  belting. 
8    sheep-skins. 

6  sides  horse-hide. 

LITMBER. 

880  feet  battens. 

852, 404  feet  board$«. 

96  feet  joists. 

148, 400  laths. 

320, 034  feet  plank. 

208  feet  posts  and  rails. 

350  posts  and  rails. 

123,  726  feet  scantling. 

150, 000  shingles. 

79,  993  feet  timber. 

BULLDING  MATERIAL 

30    |>ounds  asbestus. 
65^  square  feet  asbestus. 
166    loads  blocks  (stone). 
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99    yards  bordering  paper. 
44    brackets. 
695,100    bricks. 
1, 464    barrels  cement. 

88  feet  cement  pipe. 
48^  barrels  clay. 

4,  605|  bashels  clay. 

49  doors,  wood. 
180    drain  pipes. 

4, 423    feet  drain  pipe. 
3, 118|  sqaare  feet  flagging  stone. 
2, 106    feet  window  glass. 
4, 003    lights  window  glass. 
64    loads  gravel. 
75    bnshels  plastering  hair. 
2    flights  iron  stairs. 
1, 953|  barrels  lime. 
1,538^  bashels  lime. 
214    loads  loam. 
8    mantels. 
2, 049    feet  molding. 

33^  pounds  plaster  of  Paris. 

10  barrels  plaster  of  Paris. 
540^  cabic  yards  sand. 

2y  734  bashels  sand. 

7, 782  square  feet  slate. 

576  slate. 

12, 186  cubia  yards  stone. 

3, 000  feet  tarred  paper. 

728  pounds  tarred  paper. 

1, 524  feet  terracotta  pipe. 

44  terra- cotta  traps,  &c. 

1, 409^  feet  ti^s. 

55  rolls  wall-paper. 

89  feet  water  spouts. 
368  yards  weather  strips. 

50  pairs  window  blinds. 
103    pairs  window  sash. 

42    window  sash. 
53    feet  brown  stone. 
36    barrels  stucco. 

HEATINa,  LIGHTINa,  SbO. 

30  bath  bricks. 

208  quarts  blacking  for  leather. 

1, 212  brooms. 

20  <  brushes,  dusting,  &c. 

55  pounds  candles. 

127  pounds  card- clothing. 

277^  square  feet  card-clothing. 

24, 985  bushels  charcoal. 

39  barrels  charcoal. 

11  chandeliers. 
514  chamois  skins. 

2, 886    tons  anthracite  coal. 

4625  ORD ^2 


18  REPORT   OF   THE   CHIEF   OF  ORDNANCE. 

2, 654    tons  bituminous  coal. 
124, 900    pounds  coke. 
498    busliels  coke. 
3;  126    x^ounds  corundum. 
442    corundum  and  emery  wheels. 
52    reams  crocus  and  emery  cloth. 
920J  pounds  emery. 
4^  reams  emery  paper. 

26  sets  fire-brick. 
12, 000    fii-e-bricks. 

316J  cords  fire-wood. 

30  grates. 

11, 775    pounds  kaolin. 

27  lanterns. 
2    lamps. 

307    lamp-fixtures. 
96    lamp-wicks. 

15  pounds  lampwick. 
33f  gross  matches. 

4, 003  pounds  mineral  wool. 

16  mops  and  handles. 
44  pounds  paraffine. 
16  pitchers,  jugs,  &c. 

113^  pounds  pumice  stone. 

7    registere. 
476^  pounds  rosin. 
688^  pounds  rotten-stone. 
9|  pounds  rubber  cement. 
83|  reams  sandpaper. 
51    cakes  sapolio. 
6, 037    pounds  sea  coal  facings. 
2,138^  pounds  soap. 
636    gallons  soft- soap. 
179J  pounds  sponge. 
16    stoves. 
215    parts  of  stoves. 
42    stove  fixtures. 
23    papers  stove  polish. 
357J  feet  stove  pipe. 
69    pounds  stove  pipe. 

31  stove-pipe  elbows. 

1, 198    feet  steam-pipe  covering. 
623    papers  tripoli. 
4    wash  stands  and  fixtures, 

MATERIALS  FOB  OFFIOB  USE. 

14  baskets. 

338  sheets  blotters. 

2  blotter  baths. 

100  sheets  oil-boards. 

105  books  of  reference. 

2  book-cases. 

4, 875  cards,  assorted. 

200  sheets  card  boards. 

2  caligraphs. 
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37  chairs,  stools,  &c. 

2  clocks. 

7  composition  rollers. 
1  desk. 

2, 000  dials  for  watch-clock. 

93  drawing  instruments. 
14  pans  drawing  paint. 

4  bottles  drawing  paint. 
20  electrotypes. 

77, 600  envelopes. 

24  erasers. 

1  hektograpli. 

30  pounds  hektograph  composition. 

270  bottles  ink. 

907  poands  printer's  ink. 

6  pieces  India  ink. 

6  bottles  India  ink. 
23  ink  stands. 

68  pieces  India  mbber. 

1  poand  India  rubber. 
37,500  labels. 

3  letterpresses. 

86  memorandum  blocks. 

30  bottles  mucilage. 

8  mucilage  brushes. 

8  mucilage  ^tands. 
500  order  slips. 

280^  reams  letter  paper. 

23, 024  sheets  paper,  assorted. 

17  paper  fasteners. 

9  paper  folders. 

94  gross  pens. 
3, 367  pencils. 

240  pencil  and  pen  holders. 

36  pencil-point  protectors. 

9  bo^es  pins. 

5  bottles  pounce. 
8  pounce  boxes. 

7  spobls  ribbon. 

247  gross  rubber  bands. 

83  rubber  stamps. 

2  rulers.  « 
124  pounds  roller  composition. 

96, 500  seals. 

181  pounds  sealing  wax. 

16  sponge  cups. 

7, 750  tags 

66  yards  tape. 

4  spools  tape. 

if  gross  thumb-tacks. 

622f  yards  tracing  cloth. 

I  font  type. 

1  water-cooler. 

156  quill-pens. 

30  stencil  boards. 
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LABORATORY  STORES. 

574  bottles  and  vials. 

19  barometers  and  thermometers. 

3  carboys. 

8, 710  corks. 

165  crucibles. 

19  gaage  glasses. 
27  glass  breakers. 
21  glass  tabes. 

1  hydrometer. 

21  jars. 

64  level  glasses. 

120  materials  for  electric  batteries. 

1  mortar  and  pestle. 

2  pyrometers. 

3  retorts. 

32, 114^  pounds  acid. 
8|  gallons  acid. 
956|  gallons  alcohol. 

94    pounds  alum. 

50    pounds  ammoniated  copper. 

72^  pounds  antimony. 
167    pounds  aqua  ammonia. 
202    pounds  beeswax. 

72    sticks  black  cement. 
152y  128    pounds  bone. 

85    pounds  borax. 

42    pounds  camphor. 

43^  pounds  chalk. 

50    pounds  powdered  charcoal. 
500    pounds  chloride  of  lime. 

10    pounds  concentrated  lye. 

98    boxes  concentrated  lye. 
755    pounds  copper  and  its  preparationsr 
232    pounds  electropion  fluid. 
3, 100|  pounds  glue. 

12    gallons  glue. 
228J  pounds  jrlycerine. 

30    grains  gold  chloride. 
2    packs  gold-leaf. 
110    pounds  ground  glass. 

25    pounds  ground  pepper. 

27    pounds  gum  arabic. 

20  pounds  gum  tragacanth. 
72    hand  grenades. 

67  pounds  horse  medicine. 

24  papers  horse  powders. 

2  ounces  iodine. 

266  pounds  iron  and  its  preparations* 

218  gallons  isinglass. 

8  ounces  laudanum. 

2  bottles  linament. 

50  pounds  manganese  and  its  salts. 

400^  pounds  mercury  and  its  salts. 

167  gallons  molasses. 


REPORT   OF  THS  CHIEF   OF   OBDKAKCE.  21 

20    ponDcte  nickle-salts. 
213^  reams  i>aper. 
32;  295^  pounds  paper. 
46    rolls  paper. 
100|  yards  i>aper. 
7    barrels  pitch. 
6, 086j  poands  potash,  varioas. 
55^  pounds  sal-ammoniac. 
13,  650    poands  sal-soda. 

3    gallons  silver  solution. 
4, 327    pounds  silicate  of  soda. 
94^  pounds  spirits  of  niter. 
653^  pounds  sulphur. 
50    pounds  sugar  of  lead. 
112    pounds  strontia-nitrate. 
7, 145    pounds  straw-boards. 

41    quarts  tar. 
4,  009    pounds  tallow. 
20    pounds  tobacco. 
100    pounds  vassaline  (anti-corrosive). 
20    pounds  vermin  powder. 
25^  gallons  whiting. 

TLlNTBj  OILS,  SeO. 

9    barrels  asphaltum. 

50  pounds  asphaltum. 
117^  gallons  benzine. 

4^380|  gallons  coal-tar. 
145^  gallons  drier. 
5    pounds  drier. 
14, 321}  gallons  gasoline. 

380    pounds  gilder's  whiting. 
31}  pounds  hardwood  filler. 
696    pounds  kalsomine. 

51  gallons  lacker. 
312    pounds  lampblack. 

20    pounds  black  lead. 
507    pounds  red  lead. 
24, 172}  pounds  white  lead. 
385    pounds  litharge. 
88    pounds  extract  of  logwood. 
463}  gallons  naphtha. 
22    pounds  nut-galls. 
5}  gallons  castor-oil. 
65    gallons  cod-liver  oil. 
697}  gallons  dressing  oil. 
5, 241|  gallons  illuminating  oil. 
4, 359    gallons  lubricating  oil. 
3, 493}  gallons  oil,  mixing  paints. 
6, 822    poands  paint,  dry. 
10, 775}  poands  paint,  in  oil. 
110}  gallons  paint,  in  oil. 
1, 792    gallons  petroleum^  and  its  products. 
28    pounds  petroleum'  and  its  products. 
769}  poands  putty. 
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8    gallons  shellac. 
512    pounds  sheliac. 
1, 354}  gallons  spirits  of  turpentine. 
21    pounds  turpentine. 
137    pounds  burnt  utnber. 
31    pounds  raw  umber. 
350|  gallons  varnish. 
3;  69.i|  pounds  whiting. 
512    pounds  zinc. 

MISCELLANEOUS. 


97 

bags. 

34 

barrels. 

8 

hai^kets. 

7,209 

pasteboard  boxes. 

899 

packing-boxes. 

2,102 

tin  boxes. 

18 

gallons  browning  mixture. 

486 

tin  cans. 

1 

camera  stand. 

165 

pounds  axle  grease. 

65 

boxes  axle  grease. 

3 

sets  post  harness. 

200 

parts  of  harness. 

4 

horses. 

4,864 

feet  hose. 

3 

hose  reels. 

5,247 

pounds  Japan  wax. 

102 

kegs. 

5 

mirrors. 

833^  pounds  packing,  various. 

1 

paint  burner. 

450 

powder  canisl/Crs,  2  pounds. 

450 

powder  canisters,  5  pounds. 

2 

rubber  aprons. 

3 

rubber  caps. 

6 

rubber  coats. 

11 

pairs  rubber  boots. 

115 

rubber  rings. 

11|  pounds  rubber  rings,  &c. 

97|  pounds  sheet  rubber. 

163i 

feet  rubber  tubing. 

29 

pairs  magazine  slippers. 

14 

barrels  saw-dust. 

718 

tickets,  railroad  and  street  cars. 

374 

trees,  &c. 

2 

wagons. 

470 

parts  of  wagons. 

7 

whips. 

2 

gallons  wood  preservative. 

3,000 

pounds  fertilizers. 

MACHINES. 

2    baud-saws  with  tables,  complete. 
1    board-cutting  shears. 
1    boring  machine. 
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1  cutting  machine. 

1  cultivator. 

1  elevator. 

1  emery  grinder,  with  table,  complete. 

1  fieldroller. 

3  force-pumps. 

1  gas-retort. 

1  grinding  machine. 

2  lathes. 

3  lawn-mowers. 

2  milling  machines. 

1  morticing  machine. 

1  molding  machine. 

1  newel  planer  vise. 

2  planing  machines. 

2  paper  box  machines. 

1  paper  cutting  machine. 

1  paper  cutting  shears. 

1  printing  press. 

1  power  hammer. 

177  parts  of  mowing  machine. 

1, 288  parts  of  machines,  various. 

1  steam-boiler. 

I  steam-engine. 

1  sharper  head. 

1  rheostat. 

1  saw  bench  and  counter  shaft. 

1  steam  heating  apparatus. 

INSPEGTINa  INSTRUMENTS. 

1  set  gauges. 

2  micrometer  caliper. 

2  plane  tables  and  tripods. 

6  prismatic  gauges. 

TOOLS. 

70  awls. 

2  axes. 

68  bits. 

5  braces. 

1, 411  brushes  and  sash  tools. 

145  buckets. 

196  carpenters'  tools,  various. 

21  chalk-lines. 

27  chisels. 

8  chucks. 

12  coal-hods. 

2  crow-bars. 

4  sets  dies. 

3  dies  and  stocks. 
510  drifts. 

267  drills. 

4  sets  driUs. 
3,239  files. 

37  forks  (hay  and  manure.) 

12  gauges. 

76, 746  pounds  grindstones. 
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1, 816  Landesl. 

5  harrows. 

93  hatchets  aDd  hammers. 

24  hoes. 

2  kettles. 

74  knives. 

100  ladles,  7  inch. 

100  ladles,  2^  inch. 

3  ladders. 

11  steel  letters  and  figures. 

10  sets  letters  and  figures. 

32  machinists'  tools,  varioas. 

366  mallets. 

66  papers  needles. 

18  pairs  nippers. 

522  oil  caps  and  oilers. 

98  oil  stones. 

5  oil  tanks. 
30  pans. 

8  picks. 

1  pipe-cutter. 

6  planes. 

26  plane-irons. 

3  plows. 

47  punches,  assorted. 

63  rakes. 

163  rasps. 

113  rules. 

54  saddlers'  tools,  various. 

143  saws. 

75  saw  blades. 

1  platform  scale  (2,500  lbs). 

2  counter  scales. 

10  screw  drivers. 
45  scythes. 

84  scythe  stones. 

13  sc^'the-snaths. 

8  sieves  and  sifters. 

38  pairs  shears. 

138  shovels. 

18  smiths'  tools,  various. 

19  spades. 

6  steel  stamps. 
19  sand-stones. 

4  sets  stencil-plates. 

2  sets  stencil  dies,  letters  and  figures. 

7  tape  lines. 

11  taps  and  reamers. 

5  sets  taps  and  reamers. 
5  tinners'  tools,  various. 
5  trowels. 

1  truck. 

157  uteusils,  various. 

43  wheel  baiTows. 

65  wrenches. 

12  vises. 


Appendix  3. 


Statement  of  ordnaneej  ordnance  stores^  itc,  isttued  to  the  military  estab- 
liMhtnenty  including  the  national  homes  for  soldiers  of  the  volunteer  and 
regular  Army^  and  exclusive  of  the  militiaj  during  the  fiscal  year  ended 
June  30,  1885. 

Glass  I. 

4  Gatliug  guns,  10-loDg  barrels,  caliber  .45. 

7  3-incli  rifled  guns. 

1     lO-pounder  Parrott  gun. 

5  light  12-pounder  bronze  guns. 
1     4.5-inch  siege  gaa. 

Class  II. 

1     Gatling  gan  carriage,  caliber  .45,  short 

3  Gratling  gnn  carriages  and  limbers. 

1  6-pounder  gun  carriage  without  limber. 

2  6-pounder  gun  carriages  and  limbers. 
1     3-inch  gun  carriage  without  limber. 

12  3-inch  gun  carriages  and  limbers. 

13  12-pounder  gun  carriages  and  limbers. 

5  30  pounder  gun  carriages  and  limbers. 

4  4.5-inch  siege  gun  carriages  and  limbers. 

6  8-inch  rifled  gun  carriages  and  chassis. 

1  11-inch  rifled  gun  carriage  and  chassis. 
9  15-inch  gun  carriages  and  chassis. 

2  3'inch  gun  caissons  and  limbers. 
1  3.2-inch  gun  caisson  and  limber. 

3  3.2-inch  gun  carriage  limbers,  metallic. 

1  ammunition  cart. 

2  Laidley  cavalry  forges. 

4  Laidley  cavalry  forge  carts. 

Glass  III. 

74  harness  bags. 

8  elevating  bars. 

20  mancDuvring  bars. 

2  manoeuvring  wrench  bars. 

8  pinch  bars. 

12  baskets  for  mortar  implements. 

13  iron  sponge  buckets. 
22  wooden  sponge  buckets. 

5  iron  tar  buckets. 

134    gutta-percha  water  buckets. 

25 
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2  leather  water  buckets 

2  papier-mach6  water  backets. 
2*  budge  barrels. 

1  fuse  auger. 

6  fuse  blocks. 
16  fuse  cutters. 

1  fuse  gimlet. 

13  fuse  mallets. 

5  fuse  plug  reamers. 

4  fuse  plug  wrenches. 
1  fuse  saw. 

12  fuse  wrenches. 
1  gun  cover. 

53  gunners'  gimlets. 

42  gunners'  haversacks. 

9  gunners'  pincers. 

20  gunners'  pouches. 

1  gunners'  quadrant. 

10  pairs  gunners'  sleeves. 

8  handspikes  for  8  inch  rifle. 

16  handspikes,  manoeuvring. 

30  handspikes,  trail. 

1  set  harness,  2-horses,  ammunition  cart. 

5  sets  harness,  Laidley  cavalry  forge. 

13  sets  harness,  2  lead  horses. 
13  sets  harness,  2-wheel  horses. 

7  common  lanterns. 
16  globe  lau  terns. 
42  lanyards. 

2  paulins,  6  by  10  feet. 

5  paulins,  8  by  10  feet. 
2  paulins,  12  by  12  feet. 

44  paulins,  12  by  15  feet. 

10  pendulum  hausses,  3inch  gun. 

2  pendulum  hausses,  12  pounder  gun. 

4  pendulum  hausse  pouches. 

2  pendulum  hausse  seats  and  covers. 

3  plummets. 

1  pointing  cord. 

2  pairs  ammunition  pouches. 

4  powder-measures. 

37  priming-wires,  field  gun. 

20  prolonges. 

6  rammers  and  staves. 
10  gun  scrapers. 

4  breech  sights,  Hotchkiss  cannon. 
10  breech  sights,  3  2  inch  gun. 

1  breech  sight,  4.5  inch  gun. 

1  breech  sight,  8-inch  gun. 

5  breech  sights,  100-pounder  gun. 

6  breech  sights,  2(K)-pounder  gun. 
6  breech  sights,  300  pounder  gun. 

2  breech  sights,  mountain  howitzer. 
2  'muzzle  sights,  mountain  howitzer. 

5  muzzle  sights,  3  inch  gun. 

6  muzzle  sights,  3.2-incb  gun. 
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13  muzzle  sights,  8-inch  gun. 

1  muzzle  sight  seat. 
100  securing  stakes. 

2  shot  carriers. 

2  sponge  covers,  Hotchkiss  mountain  gun. 

37  sponge  covers,  3-iDch  gun. 
4  sponge  covers,  4.5-inch  gun. 

9  sponge  covers,  12- pounder  guu. 

4  sponge  covers,  mountain  howitzer. 

6  sponges  and  rammers,  6-pounder  gun. 

39  sponges  and  rammers,  3-inch  gun. 

11  sponges  and  rammers,  12-pounder  gun. 

1  sponge  and  sta£f,  Hotchkiss  mountain  gun. 
6  sponges  and  staves,  4.5-inch  guu. 

3  sponges  and  staves,  8-inch  gun. 

5  8iM>nges  and  staves,  15-inch  gun. 

38  thumbstalls. 

15  tompions,  3  inch  gun. 

6  tompioDS,  12-pounder  guu. 

2  tompions,  4.5-inch  gun. 

4  tompions,  8-inch  gun. 
15  tompions,  10  inch  gun. 

3  tompions,  15-inch  gun. 
9  tow-books. 

15  tube  pouches. 

97  vent  covers,  field  gun. 

5  vent  covers,  siege  gun. 
29  vent  pieces. 

12  vent  punches. 

2  water  tubs. 

32  wipers  for  mortars. 

12  worms  and  staves. 

IMPLEMKITTS  FOR  GATLINO  OUN. 

4  covers  for  gun,  caliber  .50. 
4  covers  for  gun,  caliber  .45. 

3  cam  extractors. 

1  clamp  for  worm  gear. 

4  drifts. 

20  feed  cases. 

12  feed  magazines. 

2  handspikes. 

2  headless  shell  extractors. 

4  lock  screw-drivers. 

4  small  screw-drivers. 

4  T  screw-drivers. 

1  shell  driver. 
4  wiping  rods. 

2  adjusting  screw  wrenches. 
4  pin  wrenches. 

1  rear  guide  nut  wrench. 

Classes  IV  and  V. 

222  3-inch  shot. 

20  12-pounder  shot. 

750  4.2-inch  shot. 
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550  4.5-iiioh  shot. 

230  8-iDch  shot. 

100  15-inch  shot. 

500  1.5-inch  shell  and  cartridge  case. 

50  2.9-inch  shell. 

422  3  inch  shell. 

995  3.2-inch  shell. 

100  4.2-inch  shell. 

375  4.5  inch  shell. 

124  12poander  shell. 

300  8-inch  shell. 

416  10  inch  sheU. 

50  13-inch  shell. 

300  3  inch  ca«e  shot. 

182  3.2  inch  case  shot. 

124  12  pounder  case  shot. 

500  3  inch  canister. 

124  12poander  canister. 

Class  VI. 

2,822  Springfield  carbines,  caliber  .45. 

592  Colt's  revolvers,  caliber  .45. 

713  Chaffee-Eeece  magazine  rifles,  caliber  .45. 

71'{  Hotcbkiss'  magazine  rifles,  caliber  .45. 

713  Lee  magazine  rifles,  caliber  .45. 

100  Springfield  cadet  rifles,  caliber  .45. 

2,794  Springfield  rifles,  caliber  .45. 

1  Si>ringfield  rifle,  model  1866,  caliber  .50. 

40  Springfield  shotguns,  l^o.  20. 

I  artillery  saber. 

357  cavalry  sabers. 

96  musicians'  swords. 

89  noncommissioned  officers'  swords. 

207  trowel  bayonets. 

247  hunting  knives. 

Class  VII. 

ARTILLERT   AOCOUTERMENTS. 

11  knapsacks  for  light  battery. 

OAYALRY  AOCOUTERMENTS. 

779  canteens  and  straps. 

1  canteen  strap. 

40  carbine  cartridge  pouches. 

1,359  carbine  slings. 

1,033  carbine  sling  swivels. 

159  pistol  cartridge  pouches. 

597  pistol  holsters. 

*         200  saber  attachments. 

2,045  saber  belts. 

1,947  saber  belt  plates. 

674  saber  knots. 
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INFANTBY  AGOOUTEBMENTS . 

2, 925    bayonet  scabbards. 

1, 498    blanket  bags. 

1,994    blanket  bag  shoulder  straps. 

6, 058    canteens. 

3, 071    canteen  covers. 

5, 760    canteen  straps. 

9    cap  poaches. 
4, 327    cartridge  belts. 
1,915    cartridge  belt  plates. 
5, 789    cartridge  boxes. 
3, 727    clothing  bags  for  recruits. 
3,639    clothing  bag  straps  for  recruits. 
3, 014    coat  straps. 
5,020    forks. 
5,189    knives. 
5,018    spoons. 
69    sliding  frogs. 
I  5,088    gan  slings. 

I  5,518   haversacks. 

6,145   haversack  straps. 
246   hunting  knife  scabbards. 

1   intrenching  tool  scabbard. 
710   magazine  belts  for  Lee  rifle. 
4,608   meat  cans. 
5  revolver  belts. 

10  sword  belts  and  plates,  non-commissioned  officers'. 
'  5,302  tin  cups. 

I  206  trowel  bayonet  scabbards. 

I  51  waist  belts  and  plates,  musicians'  and  non-commissioned 

officers'. 
4, 072  waist  belts,  privates'. 
3, 753  waist  belt  plates,  privates'. 

APPENDAaES. 

^  brashes  and  thongs. 

25  bullet  molds. 

22  field  cases  for  shot  gun  supplies. 

■^  powder  charger. 

13, 079  headless  shell  extractors. 

1,610  jointed  ramrods. 

21  shot  gun  outfits. 

352  screw-drivers. 

^*^  ^rew-drivers,  combination,  model  1879. 

aI^  ®^>^w  drivers,  revolver, 

f  ft5  ^J^w-drivers,  Lee  rifle. 

iSft  spring  vises. 

$15  ^H^bler  punches. 

713  wiping  brushes,  Lee  rifle. 

^  ^ping  rods,  shot  gun. 

9, 969  wiping  rods,  wood,  carbine  and  rifle. 

HOBSE  EQUIPMENTS. 

3,861   curb  bridles. 
€73  watering  bridles. 
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290  carbine  sockets  and  straps. 

287  cinchas  or  hair  girths. 

2,070  curry  combs. 

99  cruppers. 

180  forage  sacks. 

8  girths. 

1,435  halters  and  straps. 

4,218  horse  brushes. 

249  horse  covers  with  surcingles  attached. 

1,138  lariats. 

483  links. 

3,118  nosebags. 

1,152  picket  pins. 

649  saddles,  cavalry. 

78  saddle  bags,  canvas. 

296  saddle  bags,  leather. 

2,833  saddle  blankets,  gray. 

129  saddle  blankets,  red. 

10  saddle  cloths,  felt. 

55  saddle  cloths,  hair.. 

467  side  lines. 

46  spurs  and  straps.  Mill's  pattern. 

1,298  spurs. 

2,075  spur  straps. 

341  stirrups. 

3  stirrups  with  guidon  sockets. 

627  stirrup  straps. 

1,257  surcingles. 

2  sweat  leathers. 

Class  Yin. 

SMALL-ABM  AMMUNITION. 

1,229,295  carbine  ball  cartridges,  caliber  .45. 

527,010  revolver  ball  cartridges,  caliber  .45. 

125,000  revolver  blank  cartridges,  caliber  .45. 

4,016  140  rifle  ball  cartridges,  caliber  .45. 

50  rifle  ball  cartridges,  caliber  .50. 

523,000  rifle  blank  cartridges,  caliber  .45. 

1,000  Gatling  ball  cartridges,  caliber  1  inch. 

600  Gatling  canister  cartridges,  caliber  l-inob« 

2,160,670  .round  balls,  caliber  .45. 

883,000  carbine  bullets,  caliber  .45. 

259,000  revolver  bullets,  caliber  .45. 

5,735,000  rifle  bullets,  caliber  .45. 

11,551,500  cartridge  primers. 

1,000  cartiidge  shells. 

9,175  shotgun  cartridge  shells. 

10,175  pounds  shot. 

2,007,500  carbine  cartridge  wads. 

409.000  shot-gun  cartridge  wadd. 

AMMUNITION  FOR   CANNON. 

6, 760  blank  cartridges,  J-pound  charge. 

1, 230  blank  cartridges,  1-ponnd  charge. 

1, 000  blank  cartridges,  2pounds  charge. 
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5,563  blank  cartridges,  6-pouDder  gun. 

29,  574  blank  cartridges,  3  inch  gun. 

560  blank  cartridges,  3.2incb  gun. 

24,  020  blank  cartridges,  light  12-pounder  gun. 

300  blank  cartridges,  heavy  12-pounder  gun. 

5, 500  blank  cartridges,  mountain  howitzer. 

463  metallic  fuses. 

1, 000  paper  fuses. 

1, 100  wooden  fuses. 

17, 800  pounds  cannon  powder. 

16, 2.10  pounds  hexagonal  powder. 

500  pounds  mealed  powder. 

31,800  pounds  mortar  powder. 

108, 616^  pounds  rifle  [)owder. 

4, 020  electric  primers. 

145, 831  friction  primers. 


Class  IX. 

264 

portable  arm  racks. 

373 

assorted  blocks. 

22,451 

marksman's  buttons. 

2 

capstans. 

8 

capstan  bars. 

1 

hand  cart. 

1 

implement  and  tool  cart. 

1 

sling  cart. 

8 

sling  chains. 

1 

chronograph. 

76 

assorted  chocks. 

2 

gun  collars. 

1 

cradle. 

10 

cranes. 

3,735 

sharpshooters'  crosses. 

39 

disks. 

1 

fall,  watch  tackle. 

440 

signal  flags. 

2 

casemate  gins. 

1 

field  and  siege  gin. 

2 

garrison  gins. 

6 

gin-falls. 

14 

gin-handspikes. 

3 

gin-slings. 

2 

gun-lifts. 

11 

hydraulic  jacks. 

61 

intrenching  tools. 

60 

intreuchingtool  carriers. 

10 

iron  pegs,  4  feet  long. 

9,409 

marksmen's  pins. 

1 

plane  table. 

2 

plane  tables  and  tripods  with  aledades  and  compasses. 

9 

gnu  platforms. 

2 

mortur  platforms. 

2 

pry-planks. 

12 

assorted  rollers. 

48 

shifting-planks. 
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162  shot-marks. 

1  si^htingtripod. 

38  skids. 

90  skiddiDg  pieces. 

4  canDon  slings. 

1  stadium. 

1  stadia-bag. 
336  streamers. 

2  Brinton's  targets. 
12  Gushing's  targets. 

4  Cusbing's  target  axles. 
8  Cusbiug'b  target  caps. 

30  Gusbing's  target  truck  frames. 

8  Gusbing's  target  truck  wbeels. 

230  Laidley's  targets. 

32  Laidlej's  target  axles. 

3  Laidley's  target  axles  witb  pins  and  wedges. 
8  Laidley's  target  axle  boxes  and  pins. 

8  Laidley's  target  center  blocks  and  pins. 
33, 760  Laidley's  target  centers. 

24  Laidley's  target  clamps. 

334  Laidley's  target  cross  pieces. 

1, 669  Laidley's  target  frames. 

28  Laidley's  target  journal-boxes. 

76  Laidley's  target  nave-boxes. 

40  target  levers. 

20  target  lever-boxes. 

14, 536, 600  target  pasters. 

139  target  plates. 

67  target  rails. 

334  target  uprights. 

2  Lancaster  targets. 

73, 137  pa[)er  targets. 

12  rolling  targets. 

1  sliding  target. 
6  trace  lopes. 

2  casemate  trucks. 
2  trunnion  loops. 

2  trunnion  rings. 

89  pairs  eccentric  trunnion  rings. 

12  hydraulic  jack  valves. 

1  wagon-sling. 

RELOADING  TOOLS,  &C. 

1  set  bench  reloading  tools. 
74  sets  hand  reloading  tools. 

160  combination  anvils. 

5  -ball-molds  (4-ball8). 
96  brush  wipers. 

9  brush  wipers  for  shotgun  cartridges. 
17  adjustable  powder  chargers. 

33  adjustable  powder  and  shot  chargers. 
46  bench  chargers  for  hand  reloading  tools. 

2  crimping  dies. 

8  crimping  die  caps. 
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22    crimping  and  reloading  dies  for  revoh  er  cartridges. 
110    crimping  and  reloading  dies  for  ritie  cartridges. 

5  reloading  dies. 

24  resizing  dies  for  revolver  cartridge  shells. 

192  resizing  dies  for  rifle  cartridge  shells. 

81  drifts. 

9  drifts  for  shotgun  cartridge  shells. 

6  primer  extractors. 
213  extractor  pins. 

70    funnels. 

7  funnels  for  shotgun  cartridges. 
50    ladles. 

103  mallets. 

7  powder  measures. 

6  oil  cans. 

37  oil  cups. 

115  priming  tools  for  shotgun  cartridges. 

j(6  priming  tools  for  ritie  cartridges. 

312  priming-tool  pins. 

2  iiiming-t4)ol  spindle  screws. 

1  primer  punch. 

26  reloading  punches  for  revolver  cartridges. 

136  reloading  punches  for  rifle  cartridges. 

173  resizing  punches. 

6  safety  sockets. 

67  shell  scrapers. 

1  strainer. 

3  washers. 

23  wiping-rods. 

Class  X. 

PARTS   OF   CLASS   II. 

3  cap  square  chaius. 

I  cap  square  key. 

3  cheek  bolts. 

3  cylinder  straps  for  carriage. 

1  elevatiug  fulcrum. 
9  elevating  screws. 

2  foot  boards,  caisson. 
6  foot  boards,  limber. 

10  forks  for  field  limber. 

8  hounds. 

1  nave  for  cavalry  forge. 

16  poles  for  field  gun. 

1  pole  for  mortar  wagon. 

8  pole  lifts. 

3  pole  yokes. 

4  rails. 

1  shaft  for  cavalry  forge. 

8  shoes  for  artillery  wheels. 

8  splinter  bars. 

2*  stocks  for  caisson. 

32  washers. 

19  wheels  for  fiehl  carriages. 

4625  OED 3 
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PARTS  OF  GLASS  III. 


8 

artillery  curb  bits. 

0 

breast  straps. 

1 

breecliiDgs. 

4 

artillery  bridles. 

455 

brass  plated  buckles. 

646 

iron  roller  buckles. 

87 

collars. 

20 

collar  pads. 

120 

artillery  halters. 

32 

artillery  halter  chains. 

440 

artillery  halter  straps. 

H 

pairs  hames. 

12 

hame  chisps  with  chains  and  toggles. 

4 

leg  guards.    • 

6 

brass  loops. 

27 

pole  pads. 

86 

pole  straps. 

4 

rammer  heads. 

148 

rosettes  for  artillery  bridles. 

1 

driver's  saddle. 

1 

valise  saddle. 

303 

woolen  sponges. 

20 

sponge  heads. 

16 

staples  for  valise  saddle. 

2 

staves. 

13 

lead  traces. 

12 

{nitent  splinter  bar  traces. 

7 

wheel  traces. 

100 

whips. 

PARTS  OF   CLASS  V. 

100  bushings  for  shell. 

900  copper  bands  for  shell. 

1, 100  brass  fuse  plugs. 

500  tin  straps. 

PARTS  OF  CLASS  VI — PARTS  OF    SPRINGFIKLD   CARBINE. 

61  bands. 

6  butt-plates. 

228  front  sights. 

4,  Oil  front-sight  covers. 

12  front-sight  <H)vtT  springs. 

12  front-sight  cover  spring  screws. 

12  front  sight  cover  friction  si)rings. 

118  rear  sights. 

61  rear-sight  bases. 

48  rear- sight  base  screws. 

382  rear-sight  leaves. 

779  stocks,  wood  part. 

102  swivels. 

PARTS  OF   SPRINGFIELD   RIFLE. 

16  lower  bands. 

26  upper  bands. 
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276  band  springs. 

2  barrels. 

11  bayonets. 

98  bayonet  clasps. 

128  bayonet-elasp  screws. 

468  breech-block  caps. 

495  breech-block  cap  screws. 

50  breech  screws. 

1,293  bridles. 

990  bridle  screws. 

106  butt  plates. 

212  buttrplate  screws. 

981  cam-latch  springs. 

2, 041  ejector  springs. 

1,  747  ejector  spring  spindles. 

408  ejector  studs. 

4, 511  extractors. 

5, 912  firing  pins. 

932  firing-pin  screws.    ^ 

304  firing  pin  springs. 

248  front  sights. 

8,  861  front-sight  covers. 

116  front-Jiight  pins. 

218  guard-bow  nuts. 

24  guard-bow  swivels. 

54  guard  bow  swivel  screws. 

120  guard  plates. 
430  guard  screws. 
442'  hammers. 

6, 003  hinge  pins. 

10  binge-pin  studs. 

68  locks. 

121  lock  plates. 

699  main  springs. 

400  main  spring  swivels. 

423  main -spring  swivel  rivets . 

3, 794  pistol  grips,  metal. 

14  pistol  grips,  wood. 

269  pistol-grip  screws. 

353  ramrods. 

374  ramrod  stops. 

501  rear  sights. 

53  rear-sight  bases. 

852  rear-sight  base  screws. 

39  rear- sight  base  springs. 

498  rear- sight  leaves. 

1, 149  rear-sight  plates,  buckhorn. 

56  rear-sight  joint  pins. 

120  rear- sight  slides. 

41  rear-sight  slide  blocks. 

700  rear-sight  slide  gibs. 
151  pear-sight  slide  plates. 
201  rear-sight  slide  screws. 

^8  rear-sight  slide  springs. 

1, 655  sears. 

962  sear  screws. 
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522 

sear  springs. 

614 

sear-spriDg  screws. 

868 

side  screws. 

161 

side-screw  washers. 

1,179 

stocks,  wood  part. 

723 

tang  screws. 

256 

thumb  pieces. 

107 

stocJ£  tips. 

117 

tip  screws. 

9,006 

triggers. 

1,198 

triggi  r  screws. 

1,917 

tumbleis. 

1,525 

tumblers,  swiveled. 

604 

tumbler  screws. 

PARTS  OF   CHAFFEE-EEECE'  MAGAZINE  RIFLE. 

1    bolt. 

1  cartridge  lifting  spring. 
10    ejector  si)ring8. 

10  extra^jtors. 
10  firing  pins. 
20    main  springs. 

PARTS  OF  HOTCHKISS  CARBINE  AND  RIFLE. 

2  butt  Stocks. 

6  cut  off'  springs. 

512  extractor};!, 

10  firing  pins. 
512  main  springs. 

20     side  screws. 

20    atocks,  wood  part,  carbine. 

11  tang  screws. 

PARTS   OF  lee's  MAGAZINE   RIFLE. 


107 

extractors. 

102 

extractor  springs. 

107 

firing  pins. 

3,937 

magazines. 

502 

magazine  springs. 

117 

main  springs. 

10 

sears. 

107 

sear  springs. 

10 

side-spring  screws. 

10 

tang  screws. 

10 

triggers. 

PARTS   OF  BREECB 

3 

barrels  and  receivers. 

19 

extractors. 

10 

front  sights. 

1 

hammer. 

2 

stocks,  wood  part. 
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PARTS  OF  COLT'S   REVOLVER. 

112  back-strap  screws. 

2  l)0ltB. 

42  bolt  screws. 

335  center  pins. 

312  center-pin  bashings. 

365  center- pin  catch  screws. 

39  center-pin  screws. 

131  ejector  heads. 

151  ejector  rods. 

75  ejector  springs. 

3  ejector  tubes. 

42  ejector-tube  screws. 

39  firing  pins. 

35  firing-pin  rivets. 

51  gates. 

32  gate  catch  screws. 

33  gate  springs. 

58  guard  screws,  long. 

50  guard  screws,  short. 
168  hammers. 

115  hammer  cams. 

4  hammer  rolls. 

4  hammer-roll  rivets. 

54  hammer  screws. 

195  hands. 

'  65  hand  springs. 

153  main  springs. 

51  mainspring  screws. 

29  sear  springs. 

19  sear-spring  screws. 

17  sear  and  stop- bolt  screws.  .  • 

114  sear  and  stop-bolt  springs. 

67  sear  and  stop-bolt  spring  screws. 

175  triggers. 

61  trigger  screws. 

PARTS  OP  SOHOPIELD'S,  SMITH  &  WESSON  REVOLVERS. 

10  escutcheon  nat«. 

10  escutcheon  studs. 

35  hammers. 

10  lifters. 

10  main-spring  swivels. 

60  triggers. 

60  trigger  pins. 

10  trigger-spring  pins. 

PARTS  OF  SWORDS. 

7  musicians'  steel  scabbards. 

3  oflficers'*  browned  scabbards. 

PARTS  OF  CLASS  VII. 

30  bridle  headstalls. 
100  bridle  ornaments. 

80  bridle  reins. 
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7,  207  brass  bar  buckles. 

2,  725  brass  wire  buckles. 

1,  524  iron  bar  buckles. 

755  iron  roller  buckles. 

352  cinch  a  straps. 

164  coat  straps. 

60  curb  straps. 

41  gross  brass  escutcheon  pins. 
540  halter  bolts. 

10  halter  chains. 

701  halter  headstalls. 

2, 922  halter  rings. 

62  halter-ring  swivels. 

528  halter  squares. 

2, 161  halter  straps. 

2, 333  halter-hitching  straps.    ^ 

70  brass  hooks  with  rivets. 

70  brass  wire  hooks. 

896  double-spring  lariat  hooks. 

923  saber-snap  hooks. 

1, 880  ovals. 

1, 208  brass  rings. 

174  iron  D  rings. 

1,926  iron  rings. 

100  saber  belt  loops. 

120  saber  belt  slides  with  hooks  and  rings. 

100  saber-belt  studs. 

462  saddle  nails,  Japanned. 

400  saddle-bag  studs. 

1  screw  for  ball  molds. 

300  shields. 

209  liide  line  fasteners. 

3, 080  brass  foot  staples. 

2, 624  brass  staples  for  rings. 

80  leather  lacing  thongs. 

672J  yards  webbing,  4  inches  wide. 

24  yards  webbing,  4.5  inches  wide. 

42  yards  webbing,  7.5  inches  wide. 

PARTS  OF   CLASS  VIII. 

1,352  cartridge  bags,  J-pound  charge. 

liO  cartridge  bags,  1  pound  charge. 

520  cartridge  bags,  2  pounds  charge. 

1, 000  cartridge  bags,  C-Jjounder  gun. 

6, 200  cartridge  bags,  12-pounder  gun. 

2, 500  cartridge  bags,  20-pounder  gun. 

1,650  cartridge  bags,  30  pounder  gun. 

800  cartridge  bags,  100-pounder  gun. 

7, 100  cartridge  bags,  3-inch  rifled  gun. 

300  cartridge  bags,  3.2-inch  breech -loading  gun. 

1, 200  cartridge  bags,  4.5-inch  siege  gun. 

200  cartridge  bags,  8  inch  rifled  gun. 

730  cartridge  bags,  10  inch  gun. 

500  cartridge  bags,  13-inch  gun. 

50  cartridge  bags,  15-lnch  gun. 
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PARTS   OP    CLASS  IX.      . 

7    pointiog  plammets  for  siege  mortar. 
12    poiuting  trestles  for  siege  mortar. 

2  poles  for  sling  cart. 

PART  SECOND  :   CLOTH,  ROPE,  THREAD,  &C. 

102    yards  burlaps. 

50    feet  card  clothing. 
13,098|^  yards  cotton  cloth. 

23|  pounds  lanyard  cord. 

10    pieces  sash  cord. 
259    pounds  sash  cord, 

50    pounds  waste  cotton. 

3  yards  cotton  duck. 
5    pounds  curled  hair. 

202    pounds  marline. 
350    feet  rope. 
5,2 18f  pounds  rope.  ' 

218|  x>ou"  ^  linen  threa<l. 
337    pounds  shoe  thread. 
320    pounds  tow. 
277J  pounds  twine. 
79|  pounds  yarn. 

IRONMONGERY. 


24 

bolts  and  nuts. 

4 

brass  boxes. 

13|  pounds  sheet  brass. 

10 

papei*s  iron  brads. 

50 

pairs  brass  butts. 

24 

pairs  iron  butts. 

6 

brass  cocks. 

2 

hooks. 

12,656 

horseshoes. 

2,687 

pounds  horseshoes. 

988 

pounds  bar  iron. 

105 

pounds  sheet  iron. 

4 

iron  ladles. 

20 

cold  shut  links. 

820 

.pounds  horseshoe  nails. 

2,666 

pounds  iron  nails. 

592 

padlocks. 

4 

padlock  keys. 

12 

cast-iron  posts. 

137 

pounds  brass  rivets  and  burrs. 

794| 

pounds  copper  rivets  and  burrs 

103 

pounds  iron  rivets  and  burrs. 

109 

gross  screw  pins. 

132f 

gross  brass  screws. 

179 

gross  iron  screws. 

24 

iron  snaps. 

101 

pounds  solder. 

425 

pounds  spikes. 

276}^  pounds  bar  steel. 
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20J  feet  steel  wire  rope. 
8    steel  straps. 
0,000    copper  tacks. 

45    pa{)ers  copper  tacks. 
80J  pounds  copper  tacks. 
ly  291, 000    irou  tacks. 

Ij  085    papers  iron  tacks. 
115^  pounds  iron  tacks. 
6    iron  thimbles. 

1  box  sheet  tin. 
395^  pounds  sheet  zinc. 

LEATHER,  &0. 

1, 008    sides  bridle  leather. 
.196    pounds  collar  leather. 
24y  798|  pounds  harness  leather. 

2  sides  lacing  leather. 
156    quarts  leather  blacking. 

164    pounds  ingredients  for  leather  blacking. 
247    pounds  black  wax. 
507    ounces  bristles. 


9, 650  feet  boards. 

2,495  feet  plank. 

2, 532  feet  scantling. 

10  barrels  cement. 


LUMBER,  &o. 


OLBANINa,   HEATING,   &C. 

54  Bath  bricks. 

207  com  brooms. 

20  counter  dusting  brushes. 

5  feather  dusting  brushes. 

23  button  brushes. 

10  wire  scratch  brushes. 

15  button-sticks. 

33  pounds  candles. 

217  chamois  skins. 

43  boxes  cleaning  material. 

11,850  pounds  coal. 

58^  quires  crocus  cloth. 

1, 160  quires  emery  cloth. 

168  quires  emery  paper. 

122^  pounds  polishing  material. 

92|  pounds  scouring  material. 

10  pounds  pumice  stone. 

655  pounds  rotten  stone. 

135  quires  sand  paper. 

185  pounds  bar  soap. 

2, 949  pounds  castile  soap. 

197  pounds  sponge. 

862  papers  tripoli. 

MATERIAL  FOR  OFFICE  USE. 

4.   half  boxes  blacking  for  stencil  outfit. 
173    instruction  books. 
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8    fitch  brushes. 

2  boxes  chalk  crayons. 
10    marking  outfits. 

5  quires  drawing  pai)er. 
30    pounds  log  paper. 

1  safe. 

3  seal  stamps. 

13    pounds  sealing  wax. 

6  sets  stencil  dies  or  plates,  letters  and  figur.    . 
78    sets  stencil  outfits. 

180    metallic  tags. 
2,  000    shipping  tags. 

LABORATORY  STORES. 

125    gallons  alcohol. 
121f  pounds  beeswax. 

25    pounds  borax. 

30    pounds  camphor. 

2  pounds  chalk. 

50  pounds  pulverized  charcoal. 

50  pounds  ammoniated  copper. 

1  barrel  flour. 

80  pounds  glue. 

1,  511  pounds  laboratory  paper. 

25  pounds  black  pepper. 

336  pounds  chlorate  of  potash. 

112  pounds  nitrate  of  strontia. 

350  pounds  sulphur. 

120  pounds  tallow. 

20  pounds  tobacco. 

10  pounds  vaseline. 

975  pojinds  Japan  wax. 

25^  gallons  whisky. 

OILS,  PAINTS,  &c. 

50    pounds  asphaltum. 

3  gallons  benzole. 
1    barrel  coal  tar. 

172    gallons  coal  tar. 
51f  gallons  Japan  drier. 
25    pounds  patent  drier. 
146    gallons  lacker. 
45    pounds  lampblack. 
190    pounds  red  lead. 
Ij  735    pounds  white  lead. 
17    pounds  extract  logwood. 
225    quarts  cosmoline  oil. 
3, 972    pounds  harness  oil. 
239^  gallons  kerosene  oil. 

5    gallons  lard  oil. 
671^  gallons  linseed  oil. 

2|  gallons  lubricating  oil. 
158    gallons  neatsfoot  oil. 
68^  gallons  neutral  oil. 


42  REPORT   OF   THE    CHIEF    OF    ORDNANCE. 

7473  gallons  sperm  oil. 

9G2  pounds  black  paint. 

10  pounds  ivory  black  paint. 

20  pounds  Prussian  blue  paint. 

2, 209  pounds  brown  paint. 

35  pounds  green  paint. 

490  pounds  lead  color  paint. 

1,  740  pounds  metallic  paint. 

2, 703  pounds  olive  paint. 

35  pouuds  Venetian  red  paint. 

30  pounds  vermilion  paint. 
157  pounds  putty. 

35  pounds  sbellac. 

754  gallons  turpentine. 

50  pounds  umber. 

2^  gallons  asphalt  varnish.   - 

3  gallons  coach  varnish. 

31  gallons  copal  varnish. 
2  gallons  genr  varnish. 

27^  gallons  Japan  varnish. 

243  pounds  whiting. 

MISCELLANEOUS. 

468  arm  chests. 

200  cotton  powder  bags. 

26  metallic  powder  barrels. 

2, 169  wooden  powder  barrels. 

4  bottoms  for  reloading- tool  boxes. 
28  reloading  tool  boxes. 

1  cleaning  material  box. 

2, 070  powder  canisters. 

107  tin  cans. 

1  instrument  case. 

1  case  for  stlmple  equipments. 

20  chamois  skin  saber  cases. 

20  chamois  skin  sword  cases. 

1  demijohn. 

360  i)oun(l8  grease  for  gun  bore. 

460  pounds  wheel  grease. 

60  pounds  gutta  percha. 

258  halyards  with  screw-eyes. 

75  feet  rubber  hose. 

76  powder  kegs. 

20  pounds  liax  packing. 

142  feet  rubber  packing. 

1  singletree. 

MACHINES   AND  PARTS   OF  MACHINHfl. 

1  diameter  calipers. 

136  crusher  gauge  cylinders. 

1  lathe  cliuck. 

936  pressure  disks. 

4  crusher  gauges. 

1  expansion  caliber  gauge. 

1  fuze-thread  gauge. 
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2 

pressure  gauges. 

6 

ring  gauges. 

4 

riug  gauges  for  star  gauge. 

2 

star  gauges. 

1 

wire  inspecting  instrument. 

1 

foot  lathe. 

8 

measuring  points  for  star  gauge. 

3 

sets  measuring  points  for  star  gauge. 

1 

lathe  rest. 

8 

measuring  rods,  adjustable. 

1 

pressure  scales. 

TOOLS. 

50 

aprons. 

135 

awl  handles. 

14 

patent  awl  handles. 

261 

saddlers'  awls. 

1 

seat  awl. 

220 

stitching  awls. 

3 

stub  awls. 

34 

ax  handles. 

12 

felling  axes. 

1 

hand  ax. 

16 

armorers'  bits. 

6 

auger  bits. 

32 

bits  for  brace. 

1 

set  of  bits. 

1 

copper  boiler. 

2 

braces. 

221 

paint  brushes. 

6 

paste  brushes. 

231 

sash  brushes. 

3 

stencil  brushes. 

2 

varnish  brushes. 

10 

iron  buckets. 

22 

wooden  buckets. 

2 

calii>ers. 

20 

chalk-lines. 

37 

chisels. 

11 

saddlers'  clamps. 

23 

claw-tools. 

2 

clenching  irons. 

38 

compasses. 

2 

iron  creasers. 

31 

wooden  creasers. 

10 

dies. 

2 

die-stocks. 

11 

dust  pans.                      • 

31 

edge  tools. 

119 

file  handles. 

668 

files. 

10 

rocket  formers. 

5 

copper  ftinnels. 

20 

gouges. 

2 

grindstones,  with  arbors  and  cranks. 

165 

assorted  hammers. 

3 

sledge  hammers. 
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'  11  hatchets. 

11  saddlers'  horses. 

2  jackscrews. 

322  assorted  knives. 

10  gauge  knives. 

9  splitting  knives. 

41  mallets. 

2  raauls. 

10  measures. 

2  nail  extractors. 

26  nail  punches  and  clinch  knives. 

1,  765  assorted  needles. 

45  papers  needles. 

82  nippers. 

3  oil  cans. 

18  oil  droppers. 

11  oilers. 

4  oil  stones. 

9  pickax  handles. 

7  pickaxs,  handled. 
37  pincers. 

12  pins  for  surveyors'  chains. 
6  plane-irons. 

8  planer. 
11  pliers. 

5  pricking  carriages. 

20  pricking  wheels. 
3  pritchels. 

84  assorted  punches. 

31  spring  punches. 

2  punching  blocks. 

3  rakes. 
379  rasps. 

2  reamers. 

1  riveting  iron. 

10  rivet  sets. 

41  rules. 

21  sandstones. 

13  saws. 

9  saw  blades. 

1  scales. 

26  scissors. 

2  scrapers. 
2  scoops. 

27  screw-drivers. 

2  screw;tapB. 

3  scythes.  . 
2  scythe  snaths. 

8  scythe  stones. 

30  shears. 

6  pairs  rubber  shoes. 
30  shovels. 

5  selves. 

4  slickers. 

27  pairs  magazine  slippers. 

1  tinners'  snips. 
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4 

spades. 

2 

spatulas. 

10 

squares. 

2 

strainers. 

6 

taps. 

3 

machine  taps. 

4 

tape  lines  or  measures. 

37 

thimbles. 

2 

templets. 

3 

ticklers. 

3 

tongs. 

1 

tool- bag  for  saddlers'  and  smiths'  tools. 

6 

tool-handles. 

7 

vises. 

1 

watering  pot 

8 

wheelbarrows. 

47 

wrenches. 

Appendix  4. 

Apportionment  of  ordnance^  ordnance  stores,  ^c,  for  the  fiscal  year  ending  June  30,  1685, 
under  sections  1661  and  1667,  Kevised  Statutes  United  States,  and  regulations  established 
in  conformity  theretvith. 


States  and  Territories. 


Alabama 

Arkansaa 

('alifomia 

Colorado 

Connecticat 

Delaware 

Florida 

Georgia 

nilnoia 

Indiana 

Iowa     

Kansas 

Kentucky 

Louisiana 

Maine    .     

Maryland 

Maseachiisetta 

Michigan 

Minnesota 

Mississippi 

Missoari 

Nebraska 

Nevada 

Now  Hampshire 

Now  Jersey , 

New  York 

North  Carolina 

Ohio 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

Tennessee , 

Texa8 

Vermont    

Virginia 

WeHt  Virginia 

Wisconsin 

Arixoiia  Territory  * 

Dalcota  Tenitorj'* 

Idaho  Territory* 

Now  Mexico  Territory*. 

Montana  Territory* 

Utah  Territory* 

Washington  Territory*. 
Wvomiujr  Territorv*  .  - . 
District  (»f  Columbia*... 


Total 


Number  of 

Senators  and 
Represent- 

Money-valoe. 

atives. 

10 

$4,640  37 

7 

8,248  26 

8 

3, 712  ao 

3 

1,392  U 

0 

2,784  23 

3  , 

1.392  11 

4 

1,856  Ifi 

12 

5,568  4S 

22 

10,208  83 

15 

6,960  56 

13 

6.032  48 

9 

4, 176  84 

13 

6,032  48 

8 

3,712  3D 

0 

2,748  23 

8 

3, 712  30 

14 

6,496  52 

13 

6,032  48 

7 

3.248  26 

9 

4, 176  34 

10 

7,424  SO 

5 

2,320  19 

3 

1.392  11 

4 

1,856  IS 

9  ' 

4, 176  34 

36  1 

16, 705  33 

11 

5, 104  41 

23  ' 

10.672  85 

3 

1,392  11 

30  ; 

13,021  10 

4l 

1,856  15 

» 

4,176  34 

12  ' 

5,568  45 

13! 

6,032  48 

4  , 

1,856  15 

12  1 

5,568  45 

«, 

2,784  23 

11  • 

5, 104  41 

3 

1,392  11 

3 

1.392  11 

3 

1,392  11 

3 

1,392  11 

3 

1.392  11 

3 

1, 392  11 

3 

1,302  11 

3 

1,  392  11 

3  ' 

1,392  11 

428  ' 

200,000  00 

*  Api'ortionment  accouling  to  the  first  paragraph  of  the  President's  regulation  of  April  30,  1855. 
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Appendix  5. 

SMement  of  ordnance^  ordnance  stores,  i&c,s  distributed  to  the  militia  from 
July  1,  18S4,  to  June  30,  1885,  under  sections  1601  and  1607,  Revised 
Statute  United  i^tates. 

Class  I. 

2    3-iuch  wrought  iroD  rifled  guns. 

9    Gatliug  guns,  10  barrels,  long,  caliber  .45. 

Class  II. 

2  carriages  aud  limbers  for  3-inch  guns. 

6    metallic  carriages  and  limbers  for  Gatling  gun,  caliber 
.45. 

3  carriages  and  limbers  for  Gatling  gun,  caliber  .45. 

Class  III. 

2    fuze  cutters. 

25  fuze  gouges. 

2  fuze-plug  wrenches. 

2  fuze  wrenches. 

2  gun  covers,  Gatling  gun. 

39  gunners'  haversacks. 

31  gunners'  gimlets. 

6  gunners'  pincers. 

26  handspikes,  trail. 
24  harness  sacks. 

107  lanyards. 

2  muzzle  sights  for  light  12pounder  gun. 

2  muzzle  sights  for  3-inch  ritle. 

106  priming  wires. 

35  prolonges. 

4  poles  for  3-inch  carriage. 
70  pole  pads. 

14  pair  pole  straps. 

29  panlins,  12  by  15  feet. 

8  pendulum  hausses. 

4  pendulumhausse  seat«. 

4  pendulumhaui^se  pouches. 

13  sets  artillery  harness,  2  horses,  wheel. 

4  sets  artillery  harness,  2  horses,  lead. 

12  sponge  buckets,  iron. 

35  8i)onges  and  rammers,  12-pounder  gun. 

6  .^ponge^  aud  rammers,  12-pounder  mountain  howitzer. 

50  sponges  and  rammers,  6- pounder  gun. 

57  sponges  and  rammers,  3-inch  gun. 

20  sDonge  covers,  12-pounder  gun. 
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50  spouge  covers,  6-pounder  gun. 

33  sponge  covers,  3-inch  gun. 

4  sponges,  woolen,  12-pounder  gun. 

4  sponges,  woolen,  3-iuch  gun. 

107  thumbstalls. 

4  tar  buckets,  iron. 

18  tube  pouches. 

6  tow  hooks. 

4  tompions. 

45  vent  covers. 

6  vent  punches. 

4  wheels,  No.  1. 

,   6  watering  buckets. 

5  worms  and  staves. 

Glasses  IV  and  V. 

•  100  lOpounder  solid  shot,  fully  prepared. 

20  3-inch  Hotchkiss  shell,  percussion  fuze. 

25(V  S-inch  n()tchkisa  shell,  time  fuze. 

10  3-inch  canister. 

24  10  inch  shell,  fully  prepared. 
30  10  inch  mortar  shell. 

100  6-pounder  canister  shot. 

Class  VI. 

2, 640  Springfield  rifles,  caliber  .45. 

160  Springfield  *'  cadet''  rifles,  caliber  .45. 

.     100  S|)ringfield  ''  cadet"  rifled  muskets,  caliber  .58,  C.  &  R. 

80  Springfield  rifled  muskets,  caliber  .58,  0.  &  R. 

436  S[)ringfield  carbines,  caliber  .45. 

83  Colt's  revolvers,  caliber  .45. 

85  otiicers'  swords. 

133  non  commissioned  officers'  swords. 

120  sabers,  light  cavalry. 

90  sabers,  light  artillery. 

880  bayonets. 

Class  VII.  . 

APPENDAGES. 

700  combination  screw  drivers. 

115  headless  shell  extractors. 

HORSE  EQUIPMENTS. 

25  bridles,  curb,  cavalry. 
150  halters. 

25  pairs  si)urs  and  straps. 

25  saddles,  cavalry. 

2, 665  saddle  blankets. 

10  saddle  cloths. 

INFANTRY  EQUIPMENTS. 

3,  609  bayonet  scabbards. 

2,  790  blanket  bags. 
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2,  790   pairs  blanket  bag  shoalder  stra])S. 

2,  690    pairs  coat  straps. 

50  cap  i)oacbes  and  picks. 

2y  051  caDteeDs  and  straps. 

190  cartridge  belts  and  plates. 

4,  549  cartridge  boxes. 

50  cartridge  box  belts  and  plates. 

100  carbine  ca^rtridge  boxes. 

3,  519  gun  slings. 
151  baversacks. 
300  waist  belts. 

5,  479   waist  belts  and  plates. 
350    waist-belt  plates. 

100  sets  infantry  equipnaents,  caliber  .58. 

121  meat  cans.  ' 

201  knives. 

201  forks. 

201  spoons. 

201  tin  cops. 

AETILLEEY  EQUIPMENTS. 

12  leg  guards. 

24  linch  pins,  No.  1. 

24  linch  washers,  No.  1^ 

1(1  sets  stay  pins. 

CAVALRY  EQUIPMENTS. 

200  carbine  slings. 

475  carbine  sling  swivels. 

159  pistol  holsters. 

4  revolver  belts. 

230  saber  belts  and  plates. 

1  saber  knot. 

181  uon-commi8si«ned  officers'  sword  belts  and  plates. 

(3LASS  VIII. 

^^  Wank  cartridges,  12-pounder  mountain  howitzer. 

wO  blank  cartridges,  6  pounder  gun. 

3,1U0  blank  cartridges,  3  inch  rifle. 

^,  OOO  rifle  ball  cartridges,  caliber  .50. 

*w,  OOO  rifle  ball  cartridges,  caliber  .45. 

1^?  -ifti  ^^^  blank  cartridges,  caliber  .50. 

a  nitf  ^^^^  blank  cartridges,  caliber  .45. 

qS'  -r?.  revolver  ball  cartridges,  caliber  .45. 

11?  n^  friction  primers. 

ii  aa!!  <^rtridge  primers. 

i7nnnS  "fl«  shells,  primed. 

iiu,uoo  rifle  bullets,  lubricated. 

h  WO  pounds  iK)wder. 

MISCELLANEOUS. 

^  sets  reloading  tools. 

2  gets  dies,  caliber  .45, 500-grain  bullets. 
^  wiping  rods,  wooden. 


4625 


OED- 


50  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

4  wipinii^  rods,  Gatliug  gun. 

5  jointed  ramrods,  steel. 

150  cartridge  bags,  12- pounder  gun. 

1  lock  screw-driver,  for  Gatling  gun. 

4  small  screw- drivers,  for  Gatling  gun. 

1  pin  wrench,  for  Gatling  gun. 

2  pointing  rings  and  plates,  3-inch  carriage. 
12  linch  pins,  3  inch  carriage. 

320  paper  targets. 

66  boxes  cleaning  materials. 

5  arm  chests. 

PARTS   OF  SPRINGFIELD  RIFLE,  CALIBER  .45. 

21  barrels. 

10  band  swivels. 

12  band  swivel  pins. 

300  bayonet  clasps. 

320  bayonet  clasp  screws. 

5  breech  blocks. 

54  breechblock  caps. 

64  breech-block  cap  screws. 
10  bridles. 

10  bridle  screws. 

17  butt  plates.  • 

34  butt- plate  screws. 

65  cam  latches. 

280  cam-latch  springs. 

280  ejector  springs. 

230  ejector-spring  spindles. 

12  ejector  studs. 

230  extractors. 

S,  525  firing  pins. 

20  firing- pin  screws. 

300  firing  pin  springs. 

36  guard  bows. 

30  guard  bow  swivels. 

160  guard- bow  swivel  screws. 

12  guard  screws. 

130  hammers. 

25  hinge  pins. 

10  lower  bands. 

5  lock  plates  (assembled). 

85  main  springs. 

20  main-spring  swivels. 

994  rear  sights. 

60  rear-sight  screws. 

1, 200  rear-sight  base  screws. 

127  ramrods. 

29  ramrod  stops. 

210  sears.  • 

215  sear  springs. 

175  sear-spring  screws. 

50  sear  screws. 

178  side  screws. 

50  side-screw  washers 
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30 

spring  vises. 

120 

stocks. 

402 

tumblers. 

20 

tumbler  punches. 

362 

tumbler  screws. 

78 

tang  screws. 

20 

thumb  pieces. 

6 

triggers. 

20 

upper  bands. 

45 

upper-band  swivels. 

PARTS  OK  SPRINGFTETiT)  R 

200 

bridles. 

200 

bridle  screws. 

52 

breech  screws. 

200 

breech-block  cap  screws. 

62 

bayonet  clasps. 

62 

bayonet-clasp  screws. 

12 

cam  latches. 

300 

cam  latch  springs. 

100 

extractors. 

200 

ejector  springs. 

200 

ejector-spring  spindles. 

1,450 

firing  pins. 

100 

firing-pin  screws. 

4 

guai^  bows. 

8 

guard -bow  swivels. 

8 

guard-bow  swivel  screws. 

10 

hammers. 

100 

hinge  pins. 

50 

lower  bands. 

200 

lower- band  screws. 

616 

rear  sights. 

16 

rear-sight  leaf  slides. 

10 

rear-sight  leaf  screws. 

500 

rear- sight  base  screws. 

200 

rear-sight  springs. 

105 

ramrods. 

4 

sears. 

4 

sear  screws. 

36 

stocks. 

200 

tang  screws. 

2 

thumb  pieces. 

2 

thumb-piece  screws. 

108 

tumblers. 

112 

tumbler  screws. 

1 

stock  tip. 

1 

tip  screw. 

100 

upper  bands. 

4 

upper-band  swivels. 

404 

upper-band  swivel  screws. 

Appendix    6. 


statement  of  ordnance^  ordnaiice  stores^  cj&c,  distributed  to  the  Territories 
and  States  bordering  thereon,  from  July  1,  1884,  to  June  30,  1885,  un- 
der the  joint  resolutions  of  July  3,  1876,  March  3,  1877,  and  June  7, 
1878,  and  the  act  of  May  16,  1878. 

1, 750    Springfield  rifles,  caliber  .50. 
27, 500    rifle-ball  cartridges,  caliber  .50. 
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Statement  of  ordnance  and  ordnance  stores j(6e.,  distributed  to  colleges  firom 
July  1,  1884,  to  June  30,  1885,  under  section  1225,  Revised  Statutes 
United  States^  as  amended  by  act  approved  July  5, 1876. 

Class  I. 
10    34Dch  wroaght-iron  rifled  guDS,  model  1861. 

Glass  II. 

2    carriages  and  limbers  for  light  12-poander  gan. 
10    carriages  and  limbers  for  3-inch  guns. 

Glass  III. 

12  gunners'  haversacks. 

10  handspikes,  trail. 

24  lanyards. 

12  priming  wires. 

8  paulins,  12  by  15  feet. 

5  pendulum  hausses. 

5  pendnlum-hausse  seats. 

^  5  i)endulum  hausse  pouches. 

4  sponges  and  rammers  for  12-pounder  gun. 

20  sponges  and  rammers  for  3-inch  rifled  guns. 

4  sponge  covers  for  12-pounder  gun. 

20  sponge  covers  for  3-inch  rifled  guns. 

12  tompions. 

24  thumbstalls. 

12  tube-pouches. 

12  vent  covers. 

Glass  VI. 

80    Springfield  rifles,  caliber  .45. 
990    Springfield  cadet  rifles,  caliber  .45. 
38    non-commissioned  officer's  swords. 

Glass  VII. 

■ 

920    bayonet  scabbards. 

920    cartridge  boxes. 

920    waist  l^lts  and  plates. 
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16  waist  belts  and  plates,  N.  G.  O. 

16  sliding  frogs,  K  0.  O.  waist  belts. 

22  shoulder  belts  and  plates,  IS.  G.  O. 

Glass  VIII. 

200  blank  cartridges  for  12-poander  gan. 

600  blank  cartridges  for  10-pounder  gun. 

650  blank  cartridges  for  6-pounder  gun. 

I9 100  blank  cartridges  for  3-inch  gun. 

ly  000  rifle  blank  cartridges,  caliber  .50. 

2, 000  carbine  blank  cartridges,  caliber  .50. 

29, 000  carbine  blank  cartridges,  caliber  .45. 

27, 600  ccyrbine  ball  cartridges,  caliber  .45. 

7^  400  friction  primers. 
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Bqwft  of  ctction  taken  under  the  ad  of  March  3, 1881,  during  the  fiscal 

year  ended  June  30, 1885. 

SOLD. 

,^  To  F.  H.  Smith. 

Hot.  1.  800  pounds  mortar  powder  from  broken-up  ammunitioD,  at  8  cents 
,oo^        per  pound |40  00 

'^J  88.  400  pounds  mortar  powder  from  broken  up  ammanition,  at  8  cents 

per  pound 32  00 

Total  proceeds..  72  00 

PURCHASED. 

Fran^  E.  I.  Vu  Pont  de  Nemours  4"  Co, 

twi. 

i^y  J'  100  pounds  hexa^^onal  powder,  at  25  cents  per  pound t25  00 

»<>▼.**.  200  pounds  square  powder,  at  25  cents  per  pound 50  00 

^om  B,  B.  Hotohkiss, 
a€Y.  24.  6,225  pounds  brown  prismatic  powder,  at  45ftfty  cents  per  pound. .    2, 833  76 

Total  purchased . .     2, 908  76 
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varying  the  proportion  of  rubber  in  the  buffer  and  the  diameters  of  the 
perforations  its  stiffness  can  be  regulated. 

The  trial  commenced  July  25,  1884,  when  a  shell  filled  with  sand  was 
fired  down  the  beach  with  a  4-pound  charge,  'the  total  weight  of  the 
projectile  wth  all  its  parts  was  34  pounds  14J  ounces.  The  object  of 
this  shot  was  to  try  the  working  of  the  buffer.  On  August  10  a  shell 
said  to  contain  8  pounds  SJ  ounces  of  dynamite  was  tired  (lown  the  beach 
with  a  3  pound  charge.  It  struck  about  200  yards  from  the  gun,  break- 
ing into  fragments  and  scattering,  but  not  exploding  the  dynamite.  A 
second  shell,  said  to  conUiin  8  pounds  8^  ounces  of  <lynamite,  was  then 
fired  with  a  3pound  charge.  This  exploded  in  the  bore  and  destroyed 
the  gun. 

The  representatives  of  the  Dynamite  Projectile  Com])any  had  made 
the  projectiles  from  their  own  plans  and  at  their  own  expense.  They 
stated  that  they  were  of  the  opinion  that  the  shells  were  too  thin  and 
that  the  explosion  had  resulted  from  the  rupture  of  the  brass  case. 

In  a  letter  of  August  28  Mr.  Snyder  requested  that  the  Gk)veruraent 
should  rebore  a24-pounder  gun  to  6  inches  caliber,  and  supply  him  with 
some  projectiles  similar  to  those  previously  fired,  but  with  thick  walls. 
The  Board  considered  it  possible  that  the  rupture  of  the  gun  hiu\  been 
caused  by  the  yielding  of  the  walls  of  the  shell,  and  to  settle  any  doubt 
on  this  subject  recommended  that  Mr.  Snyder's  request  for  another  gun 
and  new  projectiles  prepared  nt  the  expense  of  the  Government  should  be 
grante<l,  which  recommendation  was  approved  by  theChief  of  Ordnance 
September  16,  1884. 

The  rubber  buffers  were  made  as  was  prescribed  by  Mr.  Snyder.  To 
compensate  for  tiie  increased  weight  of  the  projectile,  the  walls  of  the 
shell  were  made  (K52  of  an  inch  thick. 

On  October  10,  two  rounds,  and  on  October  16  one  round  was  fired 
with  3-pound  charges,  the  shell  containing  sand;  these  rounds  being  in- 
tended to  determine  the  best  form  of  buffer  to  be  used. 

In  the  fourth  round  of  this  series  a  shell  said  to  contain  7  ])ounds  8 
ounces  of  dynamite  was  fired  over  the  wnter  and  did  not  burst  on  strik- 
ing. The  fifth  round,  fired  with  the  same  charge  and  a  shell  said  to 
contain  7  pounds  of  dynamite,  was  then  fired  against  a  thick  iron  plate 
and  exploded  with  great  violence,  but  did  no  a[>preciable  damage  ;  the 
sixth  shot  fired  against  the  same  plate  i)as8ed  through  an  old  hole  in 
the  target  and  exploded  on  striking  the  wood  backing,  causing  but  little 
injury.  At  the  seventh  round  a  shell  said  to  contain  8  pounds  8  ounces 
of  dynamite  was  fired  at  the  i)late  but  missed  it.  The  same  shell  was 
fired  in  the  eighth  and  ninth  rounds,  and  in  the  latter  cavse  striking  the 
backing  at  one  side  of  tiie  target  exploded.  The  distance  from  the  piece 
to  the  target  in  the  fifth,  sixth,  seventh,  eighth,  and  ninth  rounds  wa^  but 
100  yards;  but  the  charge,  3  pounds,  was  so  small  iis  compared  with  the 
mass  projected,  which  weighed  about  60,  that  the  firing  was  very  inac- 
curate. It  was  determined,  therefore,  that  a  larger  charge  would  have  to 
be  used,  and  8  pounds  was  fixed  upon,  this  being  between  one-seventh 
and  one  eighth  the  weight  of  the  projectile,  and  considerably  less  than 
the  char«ies  of  smooth-bore  guns,  even  when  comparatively  quick-burn- 
ing powders  were  used. 

A  preliminary  round  with  a  shell  containing  16  pounds  8  ounces  of 
sand  was  tired.  The  resulting  pressure  was  less  than  18,000  pounds. 
The  shell  was  recovered  uninjured,  showing  that  it  was  amply  strong  to 
endure  the  shock  of  discharge  without  rupture. 

In  the  thirteenth  round  the  shell  was  loaded  under  the  supervision 
of  an  officer,  and  was  found  to  contain  exactly  6  pounds  12  ounces  of 
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dynamite,  a  smaller  quantity  than  had  been  heretofore  reported  in  any 
of  the  shells  fired.  The  charge  was  as  in  the  preceding  roand  8  pounds ; 
the  total  weight  projected  from  the  gun  by  this  charge  was  61  pounds 
8  ounces.     In  this  round  the  gun  was  destroyed. 

It  will  be  seen  from  the  above  recital  that  everj'  facility  has  been 
afforded  to  the  Dynamite  Projectile  Company,  and  moreover  every  pre- 
caution suggested  by  them  was  taken.  The  Board,  after  firing  several 
rounds  with  3  pounds  of  powder,  however,  directed  that  a  more  suitable 
charge  should  be  used,  as  has  been  already  remarked. 

In  conclusion,  the  Board  would  state  that  it  is  impracticable  to  fire 
shells  containing  (commercial  dynamite  from  a  smooth-bore  gun  when  a 
suitable  powder  charge  is  used,  under  the  system  proposed  by  the 
Dynamite  Projectile  Company. 

Although  previous  experiments  by  the  Board  have  indicated  that 
explosive  gelatine  can  be  successfully  fired  from  an  8-inch  rifle  with  a 
charge  of  40  pounds  of  powder,  and  therefore  could  be  safely  employed 
in  this  case  instead  of  commercial  dynamite,  yet  the  Board  does  not 
consider  that  any  trial  with  it  in  this  system  would  be  of  any  value, 
hecaose  the  projectile  employed  possesses  so  little  penetrative  power. 
This  system,  furthermore,  is  very  complicated  and  expensive,  and  the 
Board  does  not  recommend  further  experiments  with  it,  as  simpler  and 
Ibss  costly  methods  promise  greater  and  more  valuable  results. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 

GEO.  W.  MoKBB, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
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Record  of  firing  mih  24-pounder  smooth-bore  gun  No.  35  (reamed  to 


1 

Tlmi 

». 

Powder. 

ProJectUe. 

• 

1 

Weight. 

Weight. 

"S 

Month. 

Day. 

Kind. 

Kind. 

i 

Lbs. 

Lbs 

Oa. 

i 

1884. 

o 

f  Brass  shell  unfilled . 

13 

6 

• 

1 

- 

Bubber  buffer 

3      4 

1 

' 

1 

July 

I 

25 

• 

1 

4 

Brass  case  contain- 
'      ing  buffer. 

8 



^     k 

o 

Sabot... 

8       M 

Bftrometer,     29.081 ; 
thermometer,  68.8 ;  • 
humidity,  86. 

t 

1 
1 

1 

1 

1 

•*> 

BiMS   shell  filled 
with  sand. 

Spar,  with  unfilled 
shell  attached. 

21 

47 

4 

8 

1 

1 

1 

2 

July 

1 
1 

1 

25 

a 

.  5  . 

3 

Spar,    with    filled 
shell  attached 
,      (»and). 

55 

1 
1 

•  1 

Rubber  buffer 

8 

4 

1^ 

* 

> 

Block 

2 

4 

8 
12 

Brass  case 

1 ' 
1 

-a 

r  Brass  shell  unfilled. 

14 

■  «  «  • 

• 

f 

8 

August. 

16 

1 

2 

Brass  shell  loaded . . 

22 

8» 

>     4 

Barometer,     30.223; 
thermometer,  72.2 ;  ^ 
humidity,  75. 
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^utkhm),  at  Sand^  Hookj  N.  J,,fr<m  July  25  to  August  16,  1884. 


Wind, 

aod 

dlnctifon. 


I  Special  remarks  about  each  fire,  sach  as  effect  on 
I  ple<^,  soaiid  of  projectile  in  fllKht,  scatteiing  of 
flragmenta,  etc.,  etc. 


0 

& 

gc 


s. 


(£»• 

Va 

zz 


Fired  down  beach.     Struck 
154  yards  from  gtm. 


<    ! 


9 


-5 
gc 

£ 


Fired  over  water 


I 

.a 

e 

k 

a 
o 

C3 

9 

.O 

• 

A 
R 


O 

s 

U3 


1  r«» 

S.2 


Fired  down  beach 


«X 

£* 
\  Si  >!  Fired  oyer 


"S 


Compressed  rubber 
yards  from  gnn. 


buffer.  2".75.     Shell  found  400 
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50  yards ;  pn^ectile  floated  ana  was  recovered,  in* 
dented  on  one  side ;  gun  about  13  feet  above  water 
level. 


Dvnamite  filled  in  compactly  by  hand  and  covexed 
by  cork  screwed  down  on  top  of  it.  Tbe  projectile 
was  coated  witb  i-inch  mixture  of  paraffine  and 
asphalt.  Buffer  80  per  cent,  pure  rubber.  Struck 
beach  200-250  yards  distant,  and  head  broke  to 
pieces  and  scattered  fragments  of  dynamite  over 
space  of  50-75  yards. 

Shell  loaded  as  before.  Burst  in  gun;  fragments  of 
every  size  thrown  in  every  direction  over  an  area 
the  diameter  of  which  perhaps  was  200  yards. 
Chase  intact  from  trunnions  tnrown  11^  yards  to 
fh>nt  and  breech  26  yards  to  rear. 
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nST  OF  Ib-INCB  OUir-CARRIAGB  ALTERED  AT  WATERTOWN  ARSENAL, 

^     BY  THE  ORDNANCE  BOARD. 

An  indorsement  by  the  Chief  of  Ordnance  dated  Jane  II,  1884,  re 
lating  to  a  15  inch  carriage  with  a  hydraulic  cylinder,  model  of  1884, 
eompieted  at  Watertown  Arsenal,  directed  the  Boani  to  make  snch 
testH  of  the  carriage  as  might  be  deemed  necessary  and  to  reix>rt  the 
lesalts  to  the  Ordnance  Office. 

The  carnage  is  in  general  the  same  as  the  one  described  and  illns- 
trated  in  the  Report  of  the  Chief  of  Ordnance  for  1883,  page  384  et  seq.^ 
with  the  modifications  recommended  in  that  report,  except  that  the  re- 
traction gear  was  left  unchanged.  Furthermore,  the  rack  for  retaining 
the  carriage  after  recoil  was  attached  to  the  top  carriage  instead  of  to 
the  chassis,  this  change  being  necessitated  when  the  chassis  rails  were 
placed  directly  nnder  the  cheeks  of  the  carriage.  Thus  arranged  the 
space  left  ontside  the  shoe- plate  was  not  wide  enough  to  furnish  a  sap- 
port  for  the  rack. 

The  trial  commenced  October  1, 1884,  and  consisted  in  firing  sixty 
roaods  with  one  hundred  and  thirty  pounds  of  E.  Y.  M.  powder  under 
angles  of  ftt>ai  29  to  23<^,  the  latter  l»eing  the  highest  elevation  obtainable. 
The  accompanying  firing  record  gives  a  detailed  account  of  the  trial. 

The  carriage  as  a  whole  worked  satisfactorily,  but  in  the  course  of  the 
Iring  certain  defects  were  found  to  require  alteration. 

Thecylinder  transoms  were  made  of  steel.  Three  sets  broke,  a  fourth 
wt  was  cracked.    These  should  hereafter  be  made  of  wrought  iron. 

The  piston-head  as  furnished  was  too  small  and  did  not  restrain  the 
reeojl  sofficiently.  It  should  have  the  same  diameter  as  in  the  original, 
earriage. 

The  liquid  escaped  at  the  joint  of  the  rear  cylinder-head.  A  groove 
should  be  turned  in  this  joint,  one-half  in  the  face  of  the  cylin<ler,  one- 
half  in  the  face  of  the  head,  and  stoam  packing  should  b  ^  placed  in  this 
groove  before  bolting  the  head  to  the  cylinder.  It  is  thought  that  this 
will  prevent  leakage.  The  leakage  through  the  stuffing-box  for  the 
pi»toD  is  unimportant  in  quantity. 

The  screws  in  the  props  under  the  center  of  the  chassis  were  npset 
and  their  ends  made  a  deep  impression  on  the  upper  face  of  the  traverse 
circle.  They  will  therefore  have  to  be  rejected  and  if  possible  an  ad- 
justable plate  should  be  substituted. 

The  retraction  gear  recommended  on  page  387,  Report  of  Chief  of 
Ordnance  for  1883,  should  be  applied  to  carriages  hereafter  constructed. 

It  will  be  observed  from  the  tiring  record  that  guide  plate  bolts  were 
broken  twice.  An  examination  of  these  bolts  appeared  to  indicate  th.it 
the  iron  was  of  an  inferior  quality  or  had  been  injured  in  the  forging. 
All  bolts  should  be  of  the  very  best  material  obtainable.  It  has  been 
found  by  some  3'ears'  experience  at  Sandy  Hook,  that  Burden's  best  iron 
is  very  Mati8factor3*  ^or  bolts. 

In  other  respects  the  carriage  and  chassis  gave  satisfactory  results. 

T.  G,  BAYLOii, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEORGE  W.  McKEE, 

Major  of  Ordnance. 
GHABLES  SHALER, 

Captain  of  Ordnance. 
4825  OBD 6  05 
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Bear  bolt  of  left  guide-plate  biokea. 


Bear  head  of  cylinder  tightened. 


Lower  ttoni  and  middle  transom  plates  for  cylinder  firaeteteft. 

• 

AU  the  cylinder  strans  being  found  broken  or  cracked,  ntfir 
oneii  were  obtainea  from  Watertown  Arsenal  and  fitted  t» 
carriage  before  round  214,  and  nrop  screws  (being  upset) 
were  removed  and  the  pnrns  wedged  up  by  plates. 

Bound  214 — Upper  half  middle  cylinder  transom  cracked  ok 
right  side,  and  after  5  rounds  had  increased  so  as  to 
half  way  across. 

A  bolt  of  leA  guide  plate  and  derating  prop  broke. 


Bight  guide  plate  broken  off;  repaired. 
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THATBRS  DIBiaiBLE  BALLOON.    BY  THE  OBDNANCE  BOABD. 

(Fiye  plates.) 

A  letter  from  the  Chief  of  Ordnance,  dated  January  23, 1885,  stated 
that  the  Secretary  of  War  had  invited  Mr.  Bussell  Thayer,  of  Phila- 
delphia, to  appear  before  the  Ordnance  Board  to  explain  his  invention 
for  the  propulsion  of  balloons  at  a  high  rate  of  speed,  and  the  same  let- 
ter directed  the  Board  to  give  to  Mr.  Thayer  an  interview,  examine  his 
plans,  a^d  make  a  report  thereon  to  the  Ordnance  Office. 

Mr.  Thayer  appeared  before  the  Board  and  read  a  paper,  herewith  in- 
closed, describing  his  inventions,  and  also  presented  his  patents,  with 
specifications  covering  the  same.  The  Board  does  not  agree  with  Mr. 
Thayer  as  to  the  reasons  given  for  the  movement  of  his  balloon,  bat 
after  consideration  of  his  plans  deems  them  feasible  and  worthy  of  trial. 
In  view  of  the  great  value  and  importance  of  such  a  machine  for  war 
purposes  if  it  can  be  made  to  work  practically.  The  trial  in  order  to 
be  complete  and  satisfactory  should  be  made  with  a  machine  of  a  saf- 
flcient  size  to  prove  its  efficiency  under  all  ordinary  circumstances. 
The  Board  therefore  recommends  that  a  machine  of  about  7  tons  as- 
cending force  be  constructed  and  trials  be  made  with  it.  The  cost  of 
this  machine  complete  is  understood  to  be  about  $5,000. 

T.  G.  BAYLOR, 
Colonel  of  Ordnaneej  President  of  the  Board. 

GEO.  W.  McKBE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 


▲  DESCRIPTION  OP  THAYER'S  DIRIGIBLE  BALLOON,  SUITABLE  FOR 
WAR  PURPOSES— THE  THEORY  AND  PRACTICAL  OPERATION  OF  ITS 
MOTOR,  ETC.  , 

Russell  Thatbr,  C.  E.,  Philadelphia. 

It  is  onlv  within  recent  years  that  the  conditions  of  the  problem  of  aerial  navim- 
tion  have  been  studied  by  engineers  competent  to  deal  with  a  matter  of  this  descrip- 
tion, and  their  investigations  nave  proved  that  the  navigation  of  the  air  is  a  qnestioii 
the  solution  of  which  is  dependent  upon  the  accomplishment  of  certain  results  qaite 
within  the  range  of  applied  mechanics  of  the  present  day. 

Almost  exactly  one  hundred  years  ago  the  discovery  of  the  balloon  solved  one  of 
the  most  difficult  and  important  points  in  the  })roblem,  viz,  the  great  obstacle  to 
iMrial  operations  caused  by  the  action  of  the  force  of  gravity  upon  all  matter. 

By  means  of  the  device  of  the  balloon  we  are  now  enabled  to  overcome  the  force  of 
(gravity  and  to  float  in  the  atmosphere. 

After  this  discovery  the  solution  of  the  problem  practically  resolved  it-self  into  the 
discovery  of  means  for  applying  force  for  tne  purpose  of  directing  a  balloon,  prop<^rly 
designed  in  shape,  on  a  regular  course  through  the  air  in  any  given  direction. 
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The  extrane  ihianeas  and  elasticity  of  the  mediam  ta  which  the  bodylfloats  has 
bafiELed  the  ingenaity  of  the  engineer  and  inventor  in  the  application  of  a*force  for 
thb  propQlsloQ  of  the  aerial  ship. 

^  All  methods  of  propulsion  heretofore  known  have  been  tried  and  been  fonnd  want- 
ing.   The  idea,  in  every  instance,  has  been  to  apply  a  surface  of  some  resisting  mat- 
ter endowed  with  force  against  the  air«  the  object  in  view  being"  to  obtain  thereby  a 
reactive  force  that  would  propel  the  air-ship  through  the  atmosphere.    Ignorant  per- 
sons have  suggested  wheels,  oars,  and  similar  contrivances,  whila  accomplished  engi- 
ineen,as  DeLfOme  and  Giftbrd,  have  tried  to  adopt  the  propeller  to  the  solution  of  tne 
problem.    All  attempts  heretofore  made  have  practically  been  failures,  although  to 
Mr.  Henri  Qifford.  the  celebrated  French  engineer,  the  credit  of  first  attempting  to 
apply  steam  for  the  propulsion  of  a  dirigible  balloon  can  be  given.  '^ 

Another  most  important  point  in  the  final  solution  of  the  problem  must  be  here 
referred  to,  viz,  that  it  is  only  within  the  last  few  years  that  it  has  become  possible  to 
oonstmct  machinery  of  great  power  and  extreme  lightness  combined  with  strength. 

Mr.  William  Pole,  F.  R.  S.,  M.  Inst.  C.  E.,  in  the  year  1882  read  a  paper  before  the 
Institution  of  Civil  Engineers  of  Qreat  Britain,  and  discussed  in  a  practical  manner 
the  problem  of  aerial  navigation.  The  conclusions  reached  by  him  were  as  follows, 
vix: 

(1)  The  problem  of  aerial,  navigation  by  balloons  is  one  as  perfectly  amenable  to 
mechanical  investigation  as  that  of  aquatic  navigation  by  floating  vessels,  and  its 
neoessfal  solution  involves  nothing  unreasonable  or  inconsistent  with  the  teachings 
of  mechanical  science. 

(2)  It  has  been  fully  established  by  experiment  that  it  is  possible  to  design  and 
eonstmct  a  balloon  which  shall  possess  the  conditions  necessary  for  aerial  navigation, 
yiz,  which  shall  have  a  form  of  small  resistance,  should  be  stable  and  easy  to  manage* 
and,  if  driven  through  the  air,  shall  be  capable  of  steering  by  a  proper  obedience  of 
^he  rudder. 

(3)  Sufficient  data  exist  to  enable  an  approximate  estimate  to  be  made  of  the  power 
eoesBsry  to  propel  such  a  balloon  with  any  given  velocity  through  the  air. 

(4)  The  recent  reduction  in  the  weight  of  steam-motors  has  rendered  it  possible  to 
eairy  with  the  balloon  an  amount  ot  power  sufficient  to  produce  moderately  high 
^eed,  say  20  or  30  miles  an  hour  through  the  air,  and  by  taking  advantage  of  other 
leeent  improvements  it  would  also  be  possible  to  carry  a  moderate  supply  of  fuel  and 
water  for  the  working. 

(5)  The  practical  difficulties  in  the  way  are  only  such  as  naturally  arise  in  the  ex- 
teoiion  of  former  successful  trials,  and  such  as  may  reasonably  be  expected  to  give 
waj  before  skill  and  experience. 

Mr.  Pole's  en  tire  investigation  of  the  subject,  and  the  conclusions  deducted,  are  based 
on  the  screw  propeller  as  furnishing  a  practical  means  for  the  propulsion  of  an  aerial 
ship. 

AeUnce  at  the  tabular  results  reached  by  him  shows  that  as  a  means  of  applying 
tbe  loroe  generated,  the  steam -pro  poller  is  a  most  unsuitable  and  impracticable 
maehine.  Fancy  a  propeller  60  feet  in  diameter  (the  size  required  for  a  large  aerial 
■lilp)  and  conveying  a  thrust  of  ,3,000  pounds.  The  difficulties  of  constructing  such  an 
arrangement  that  would  be  of  sufflcieut  lightness  and  strength,  and  at  the  same 
time  manageable,  are  insurmountable  and  preclude  its  use  for  the  purpose  in  ques- 
tion. 

The  propeller  is  a  most  suitable  contrivance  for  the  propulsion  of  ships  in  heavy, 
ineompressible  fluid  like  water,  especially  where.weight  is  no  consideration,  but  is 
totally  unsuited  for  the  propulsion  of  bodies  in  an  extremely  attenuated  and  elastic 
medium  as  the  air. 

The  conditions  which  obtain  in  regard  to  a  body  floating  in  the  air  are  similar  to 
those  which  exist  in  the  case  of  a  ship  floating  in  the  wat«r.  In  both  instances  the 
•trnctnre  is  supported  in  the  medium  in  whicn  it  floats,  against  the  action  of  the 
ibroe  of  ^vity,  by  the  weight  of  the  fluid  displaced,  this  weight  acting  vertically 
onwards  m  opposition  to  the  force  of  gravity  actiug  vertically  downwards  through 
the  center  of  gravity.  The  force  acting  vertically  upwards  and  sustaining  the  body  m 
the  flnid  is  called  the  ''  buoyant  effort,"  and  its  intensity  is  equal  to  the  weight  of  the 
fluid  displaced.  Its  line  of  direction  passes  through  the  center  of  gravity  of  the  dis- 
placed fluid,  and  this  point  is  called  the  center  of  buoyancy.  The  following  conclu- 
lions  result  from  a  thorough  invebtigatinn  of  this  branch  of  the  subject,  viz : 

(1)  The  pressures  upon  the  surface  of  a  body  immersed  in  a  fluid  have  a  single  re- 
inltant  called  the  *'  buoyant  effort,"  and  this  resultant  is  directed  vertically  upwards. 

(2)  The  buoyant  effort  is  equal  in  intensity  to  the  weight  of  the  fluid  displaced. 

(3)  The  line  of  direction  of  the  buoyant  effort  passes  through  the  center  of  gravity 
of  the  displaced  flnid. 

(4)  The  horizontal  pressures  destroy  one  another. 

In  regard  to  the  equilibrium  of  the  floating  body,  I  may  state  that  it  will  be  stable 
as  long  as  the  center  of  gravity  of  the  body  is  below  that  of  the  displaced  fluid.    In 
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the  aerial  ship  that  I  have  designed  this  condition  will  be  always  falfiUed,  and  can- 
seqnently  the  structure  cannot  capsize. 

Practical  experiments  and  mathematical  deductions  prove  that  the  best  shape  for 
the  buoyant  portion  of  the  structure  under  discussion  is  that  of  a  circular  spindle  in 
which  L  =  3|  d,  L  representing  the  longer  or  horizontal  axis  and  d  the  diameter  amid- 
ships. This  shape  will  give  the  least  resistance  to  motion  through  the  air,  will  com- 
ply with  the  conditions  of  stable  equilibrium,  and  will  give  good  steering  qui^lities. 

The  asoendinff  fgrce  of  the  gas,  hydrogen  bein^  used,  will  be  represented  by  the 
expression  A  d' 7,  in  which  d  and  I  represent  quantities  as  above  and  A  being  a  coeffi- 
cient depending  upon  the  shape  of  the  vessel  and  on  the  specific  gravity  or  the  gas 
compared  with  tbut  of  the  surrounding  air.  Supposing  pure  hvdrogen  gas  to  be  used, 
the  levity  of  1  cubic  foot  =  0.0751  of  a  pound,  and  witli  the  shape  above  given  the 
ascending  force  determined  by  actual  experiments  may  be  represented  by  the  expres- 
sion 0.03  d^  L 

The  resistance  of  the  ship  to  motion  through  the  air  has  been  accurately  determined 
by  three  methods,  viz,  by  the  midship-area  calculation,  skin-friction  calcniation,  and 
cubic-displacement  calculation;  and  based  upon  the  conditions  that  1  =  *3|-  d,  the  fol- 
lowing resistances  have  been  obtained,  viz : 

By  the  midship  area  =  0.000172  d^  v* 

By  the  skin  friction  =  O.0O0L73  (P  t'« 

By  the  cubic  displacement  =  0.000211  d»  «« 

in  which  d  represents  as  above  and  v = velocity  in  feet  per  second  of  time.  Taking  a 
mean  of  the  two  last  expressions  (the  largest),  the  formula  giving  the  resistance  to 
the  motion  forward  through  the  atmosphere  becomes  X  =  0.000193  d>  v^ 

THE  THEORY  OF  ACTION  OF  THE  MOTOR. 

To  return  now  to  the  subject  of  the  propelling  force,  I  will  observe  that  the  idea  of 
beating  the  air  (a  medium  of  extreme  rarity)  with  a  propeller  in  order  to  generate  a 
reactive  force  forward  is  impracticable,  not  only  on  account  of  the  practical  difficulties 
in  the  way  as  before  sugf^ested,  but  also  and  principally  by  reason  of  the  unsubstan- 
tial character  of  the  medium  upon  which  the  force  is  made  to  act  and  the  great  waste 
of  power  resulting  from  auy  such  method. '  After  careful  investigation  of  the  subject 
I  was  forced  to  adopt  the  conclusion  that  the  propelliug  force  must  reside  in  the  motor 
itself,  and  must  be  applied  within  itself  in  suoh  a  manner  as  to  promote  motion  for- 
ward. 

The  action  of  the  motor  is  entirely  independent  of  extraneous  conditions,  and  will 
produce  high  rates  of  motion  without  applying  force  against  auy  extraneous  resisting 
medium. 

In  all  ordinary  applications  of  force  to  produce  motion  we  see  the  force  generated 
applied  against  some  resixSting  substance.  The  steamboat  in  propelled  by  the  reaction 
resulting  from  the  action  of  the  blade  of  the  paddles  or  screw  upon  the  dense  mediam 
of  the  water.  The  locomotive  eni;ine  moves  forward  by  reason  of  the  peripheries  of 
the  drivers  rolling  along  the  rail,  but  the  tires  must  grip  the  rail  before  motion  results. 
Nnmerous  instances  of  the  application  of  force  based  upon  the  principles  here  in- 
volved may  be  enumerated. 

In  the  case  of  navigating  the  air,  however,  there  is  nothing  upon  which  or  against 
which  the  force  generated  can  be  applied.  We  are  suspended  in  space,  between  heaven 
and  earth,  and  if  we  except  the  invisible  and  extremely  rare  medium  of  the  air,  there 
Is  nothing  upon  which  a  propelling  force  can  act  extraneous  to  the  machine  itself. 
Under  these  circumstances  we  can  ouly  utilize  the  air  as  a  medium,  the  weight  of  which 
causes  a  buoyant  effort  by  which  we  can  counteract  the  force  of  gravity  and  float. 
In  order  to  move  in  the  air  I  ilevelop  forces  in  unstable  equilibrium,  acting  upon  the 
structure  itself,  and  producing  a  resultant  power  which  will  cause  the  ship  to  move  in 
the  direction  in  which  said  resultant  is  made  to  act. 

The  principles  which  I  have  adopted  to  produce  this  condition  of  continuous  un- 
stable equilibrium  of  forces  may  best  be  nnderstood  from  the  following  simple  demon- 
stration : 


T 


i 


Take  a  hollow  cj'linder,  ahcd,  with  an  ontlet  at  ^=1  square  inch  in  area.    Now  sup- 
pose this  cylinder  is  kept  constantly  filled  with  air,  steam,  or  vapor,  under  a  pressurb 
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«^  ny,  100  pounds  to  «)ach  square  inch ;  suppose  the  are*  of  each  oylinder-head  =  10 
•qnare  iiichee.  Under  these  ciroumstanoes  the  total  pressure  on  the  head  a  h  will 
=  10  by  100=  1,000  pounds.  On  the  head  cd  there  will  be  only  9  square  inches  upon 
which  the  force  within  the  cylinder  can  act ;  consequently  the  pressure  on  this  end  of 
the  cylinder  =  9  by  100=900  pounds.  All  the  other  forces  within  the  cylinder  are  in 
a  condition  of  equilibrium,  for  the  reason  that  they  are  all  acting,  respectively,  in 
directly  opposite  directions  and  are  equal.  Therefore,  the  resultant  of  forces  =  1,000 
poands  —  QOO  pounds  =  100  pounds,  actiug  in  the  direction  B  A,.and  this  produces 
motion  in  that  direction  due  to  said  resultant. 

We  have  here  generated  a  powerful  force,  and  applied  it  in  such  a  way  as  to  pro- 
duce motion  with  the  simplest  possible  mechanism  and  entirely  independent  of  extra- 
neoiu  conditions. 

Motion  can  he  produced  by  this  principle  in  a  perfect  vacuum,  remote  fVom  the 
lesch  and  influence  of  all  terrestrial  objects ;  indeed,  it  is  evideut  that  in  a  vacuum 
the  motion  of  a  body  impelled  by  the  action  of  a  force  resident  within  the  motor 
itaelf,  by  the  principle  above  dencribed,  would  be  at  a  far  higher  rate  of  speed  than* 
would  be  the  case  in  the  air,  for  the  reason  that  the  medium  in  which  the  body  is 
tnveling,  viz,  the  air,  offers  considerable  resistance  to  motion  due  to  friction. 

The  motor  I  have  devised  enables  me  to  accumulate,  produce,  and  apply  an  ez- 
tiemely  powerful  force.    It  couhists  essentially  of  a  high-speed  air-compressor  cou- 

Eled  directly  to  a  specially  designed  gas-engine,  and  a  reservoir,  called  an  accumu- 
itor,  into  which  the  compressed  air  is  forced.  The  rear  end  of  this  reservoir  is  so 
arrsoged  that  at  given  intervals  of  time/  a  few  seconds  apart,  the  confined  energy  is 
Boddenly  released,  thus  producing  a  powerful  motive  thrust  forward,  due  to  the  fact 
of  the  unstable  condition  of  equilibrium  of  forces  at  tbe  instant  of  discharge.  The 
UBount  of  power  thus  rendered  available  is  dependent  upon  the  size  of  the  reservoir 
and  its  discharge.  It  is  also,  of  course,  a  function  of  the  time  of  charging  and  the 
Qomber  of  strokes  of  the  engine  made  therein.  In  the  motor  here  described  for  aerial 
DSTigation  the  impact  of  the  escaping  air  or  vapor,  under  high  pressure,  against 
Ihe  particles  of  the  surrounding  air  in  which  the  body  is  floating,  tends  to  increase 
the  resultant  action  forward;  but  the  principal  portion  of  the  motion  forward  is 
csmed  by  the  continuous  condition  of  unstable  e()uilibrium  of  forces  producing  a 
nmltant  action,  as  above  described,  in  a  given  direction.  The  reaction  resulting  from 
the  impact  of  the  escaping  gas  upon  the  particles  of  the  surrounding  medium  is  small 
is  comparison  with  the  resultant  of  the  forces  in  unstable  equilibrium,  but  slight  as 
it  IB  it  acts  in  the  proper  direction. 

Ingud  the  aperture  at  the  rear  of  the  motor  mainly  as  a  means  for  the  escape  of 
the  warted  energy ;  its  size  is  so  proportioned  as  to  produce  the  maximum  condition  of 
Qutsble  equilibrium  of  forces. 

I  will  now  proceed  to  a  description  of  the  dirigible  balloon,  the  plans  of  which  ao- 
yipsoythiB  paper.  As  will  be  seen  from  the  drawings,  it  consists  essentially  of  two 
portions.  The  buoyant  part,  which  corresponds  to  the  hull  of  a  water  ship,  is  made  of 
npsrposed  tissues  of  strong  silk  and  rubber,  and  the  shape  is  that  of  a  circular  spin- 
dlSi  in  which  the  long  horizontal  axis  =  3f  times  the  length  of  the  diameter  amid- 
>iups;  this  structure  is  filled  with  hydrogen  gas. 

xhe  deck  of  the  ship,  upon  which  tbe  machinery  is  located,  and  where  men  with 
dymunite  percussion  cartridges  or  a  Gat  ling  gun  can  be  placed,  is  below  the  buoyant 
psrt  of  tbe  stmcture,  and  is  firmly  supported  therefrom  and  braced  thereto,  as  shown. 

Opposite  the  centor  of  the  ship  there  is  a  lower  deck,  completely  inclosed  and  sep- 
sntcd  from  the  rest  of  the  structure,  in  which  the  power  is  located.  From  the  cylin- 
der of  the  motor  a  pipe  leads  all  or  part  of  the  wasted  energy  utilized  in  the  produc- 
tion of  motion  to  the  stem  of  the  ship,  and  is  there  terminated  by  a  nozzle  fitted  on 
a  hall  and  socket  joint.  This  arrangement  permits  the  nozzle  to  be  moved  in  any  direc- 
tion at  pleasure,  and  by  a  movement  of  the  nozzle  from  the  wheel  the  ship  may  be 
*toered  in  any  direction  that  may  be  desired,  thus  avoiding  the  necessity  for  any 
mdder. 

While  the  machinery  is  in  motion  and  the  force  is  being  generated  the  ship  is  un- 
der perfect  control  ana  can  be  directed  in  any  course  that  may  be  required.  It  is  not 
^ff^tnrj  that  the  entire  amount  of  wasted  energy  should  be  discharged  at  the  stem 
^  the  ship  and  used  for  steering,  and  it  is  preferable  not  to  do  this,  but  to  discharge 
the  air  or  vapor  near  the  motor  and  thus  avoid  the  friction  in  the  tube;  a  portion 
•affieient  only  to  give  good  steering  power  should  be  taken  to  the  nozzle  at  the  stem. 

In  the  interior  of  the  buoyant  portion  of  the  ship  is  placed  a  large  silk  sack,  con- 
jMcd  with  the  air-compressor  on  the  deck,  and  a  pipe  leads  from  the  exterior  enve- 
lope to  the  tuba  leading  to  the  nozzle  at  the  stern.  Both  of  these  pipes  are  provided 
vith  cocks,  which  can  be  opened  or  shut  at  pleasure. 

There  are  four  cylinders  filled  with  compressed  hydrogen  on  the  deck  of  the  ship, 
which  are  connected  with  the  interior  of  tbe  exterior  envelope  and  are  provided  witn 
cocks. 

These  appliances  enable  the  aerial  ship  to  travel  at  any  elevation  above  the  earth. 
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ftnd  to  ascend  or  descend  in  the  atmosphere  withont  the  nse  of  ballast.  By  simply 
withdrawing  hydrogen  from  the  interior  of  the  exterior  envelope  and  forcing  air  into 
the  interior  of  the  interior  sack  the  buoyancy  of  the  strnctnre  is  diminished  while  its 
exterior  form  is  not  chanced,  and  the  ship  will  descend;  the  reverse  of  this  operation 
will  restore  the  original  buoyancy  and  cause  the  ship  to  ascend.  The  importance  of 
this  matter  will  be  appreciated  when  it  is  remembered  that  it  is  not  proposed  to  travel 
habitually  at  high  altitudes,  but  at  elevations  of  a  tew  hundred  feet  only,  snfficieni 
to  clear  terrestrial  objects. 

The  following  examples  show  the  carrying  capacities  of  aerial  ships  of  various 
sises,  with  the  speed  per  hour  and  total  resistance  met  with  at  the  respective  rates  of 
motion ;  these  elements  are  calculated  from  the  formulas  heretofore  given  in  this 
paper: 

In  all  cases  d= diameter  amidships,  1  =  3|<2  =  length. 


d  =  30' 


1  =  110' 


Total  ascending  force,  2,970  pounds. 

Resistance,  10  miles  per  hour,  38.04-{-  pounds ;  20  miles  per  hour,  149.11-{-  pounds. 


d=:=40' 


1  =  147' 


Total  ascending  force,  7,040  pounds  =  .3^  tons. 

Resistance,  10  miles  per  honr,  67.62  pounds ;  20  miles  per  hour,  265. 10  pounds. 


d  =  50' 


1  =  183' 


Total  ascending  force,  :=13,725  pounds  =  say,  7  tons. 

Resistance,  10  miles  per  hour,  =105.66  pounds ;  =  20  miles  per  hour,  414.22  pounds. 


<l  =  75' 


1=275' 


Total  ascending  force,  46,400  pounds  =  23  tons. 

Resistance,  20  miles  per  hour,  931.92  pounds ;  40  miles  per  honr,  3,727.69  pounds. 


<l  =  100' 


1  =  367' 


Total  ascending  force,  =110,000  pounds  =  55  tons. 

Resistance,  10  miles  per  hour,  =422.67  pounds;  20  miles  per  honr,  =1.656.90  ponnds; 
40  miles  per  hour,  =6,627.62  pounds. 

Note  these  resistances  at  the  speed  specified  and  observe  how  very  small  they  are  in 
comparison  to  the  size  of  the  aerial  ship  and  its  carrying  cUpacity.  It  is  only  neces- 
sary for  the  motor  to  develop  a  force  equal  to  the  resistance,  in  any  instance,  to  pro- 
duce the  corresponding  rate  of  motion  through  the  atmosphere. 

The  following  table  shows  the  speed  in  miles  per  hour  that  could  be  commanded  on 
any  proposed  course  by  a  ship  having  an  independent  motion  through  the  air  of  30 
miies  per  hour,  wind  supposed  due  north,  blowing  with  velocities  varying  from  0  to 
50  miles  per  hour. 


Telocity  of 
wind. 

N. 

KKE.    or 
NNW. 

NE.or 

ENE.    or 
WNW. 

S.   or 

W. 

BBS.     or 

wsw. 

BE.  or 

8SB.    or 

BSW. 

1 

S. 

GtJm 

6 

80 
25 
20 
15 
10 
6 

SO 
25 

20 

15 

10 

5 

■ 

80 
28 
22 

17 

^? 

80 
27 
25 
20 
16 
0 

30 
29 

28 
2.J 
22 
17 

80 
31 
83 
82 
81 
29 
22 

80 
84 
87 
89 
41 
43 
48 
42 
88 

30 
85 
39  . 
44 
48 
61  ' 
56 
59  . 
68  ; 
67, 
70  1 

80 
85 

10 

15 

4S 
45 

25 

60 
66 

80 

eo 

86 



65 

40 

. 

........  ......  ..••..!........'..••.....•.. 

70 

45 

••*     •-••••    •.••••  !•..-•  •••,••• •-• 

1      ...........1........     ............ 

76 

50 

...1 ... 

80 

1 

• 

The  uses  to  which  such  a  structure  as  I  have  described  can  be  applied  for  war  pur- 
poses are  various.  For  communication  witl^and  relief  of  besieged  towns  it  would  be 
invaluable,  and  for  all  purposes  of  military  observation  and  reconnaissance  it  would 
be  very  useful.    For  actual  hostilities  it  could  be  employed  as  I  have  briefly  suggested. 
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ih,  by  sending  a  few  men  in  a  balloon  of  this  descriptioo,  in  tbe  day  or  night  time, 
oyer  a  hostile  town  or  fleet,  and  dropping  down  on  to  the  enemy  dynamite  percussion 
eartridges.  The  effects  would  be  very  disastrous  to  the  enemy,  and  there  would  be 
no  way  of  avoiding  tbe  results. 

A  dynamite  cartridge  dropped  on  the  deck  of  any  form  of  ship  would  most  proba- 
bly sink  her,  or  a  Gatling  gnn  can  be  used. 

Of  course  there  are  other  uses  to  which  the  structure  that  I  have  described  could 
be  devoted  for  military  purposes.  I  simply  have  mentioned  a  few  that  have  suggested 
themselvee. 

I  feel  satisfied  from  tbe  experiments  that  I  have  made  on  a  small  scale  that  the  ap- 
pantas  is  practical,  and  for  a  comparatively  speaking  small  sum  a  war  balloon  can  be 
railt  which  would  be  exceedingly  useful  to  the  Government. 


BALLOON  OR  AERIAL  SHIP. 

RussBLL  Thayer,  of  Philadelphia,  Pa. 

|8peclfleatkui  forming  part  of  letters  patent  Ko.  809008,  dated  December  9,1884.    Application  filed 

NoTember28,  1888.    (No  model.)) 

fd  0^2  wAom  it  may  eaneem : 

Be  it  known  that  I,  Russell  Thayer,  of  the  city  of  Philadelphia,  county  of  Phil- 
adelphia, and  State  of  Pennsylvania,  have  invented  an  improvement  in  balloons  or 
terial  ships,  of  which  the  following  is  a  specification. 

My  invention  has  reference  to  balloons  or  aerial  ships ;  and  it  consists  in  providing 
thenme  with  devioea  to  produce  and  maintain  a  supply  of  gas  or  vapor  in  a  receiver 
a&d  force  the  same  from  a  discharging-nozzle  at  the  rear  of  the  balloon  or  air-ship 
under  considerahle  pressure,  'whereby  an  unstable  equilibrium  of  forces  generated  by 
the  compressed  gas  or  vapor  in  the  receptacle  is  produced,  and  in  details  of  construc- 
tion, til  of  which  are  fully  set  forth  in  the  following  specification  and  shown  in  the 
leeompanying  drawings,  which  form  part  thereof. 

Tbe  object  of  thia  invention  is  to  provide  a  balloon  or  aerial  ship  with  simple  and 
•fiectiTe  means  for  navigating  the  same,  irrespective  of  the  air-currents  in  which  it 
^Mti,  whereby  a  great  velocity  is  attafhed  and  the  vessel  made  manageable ;  further, 
to  dispense  with  the  usual  large  wind-wheels  or  air-propellers,  and  all  such  devioea 
vMeh  are  balky,  unmanageable,  and  require  a  ^reat  power  to  work  them. 

In  order  to  move  in  the  air,  I  develop  forces  in  unstable  equilibrium  acting  upon 
the  stractnre  itself,  and  producing  a  resultant  power  which  will  cause  the  ship  to 
BiOTe  in  the  direction  in  which  said  resultant  is  made  to  act. 

In  the  motor  here  described  for  aerial  navigation  the  impact  of  the  escaping  air 
voder  high  pressure  against  the  particles  of  the  surrounding  air  in  which  the  body  is 
floating  tends  to  Increase  the  resultant  action  forward  ;  but  the  principal  portion  of 
the  motion  forward  is  caused  by  the  continuous  condition  of  unstable  equilibrium  of 
forces,  producing  a  resultant  action,  as  above  described,  in  a  given  direction.  The 
leaetion  resulting  from  the  impact  of  the  escaping  gas  upon  the  particles  of  the  sur- 
rounding medium  is  small  in  comparison  with  the  resultant  of  the  forces  in  unstable 
equilibrium,  but  slight  as  it  is  it  acts  in  the  proper  direction.  I  regard  the  aperture 
tt  the  rear  of  the  motor  mainly  as  a  means  for  the  escape  of  the  wasted  energy.  Its 
■ixe  is  80 proportioned  as  to  produce  the  maximum  conditions  of  unstable  equilibrium 
rf  forces. 

In  the  drawings.  Figure  1  is  a  side  elevation  of  ray  improved  navigable  aerial  ship, 
^g.  2  is  a  plAQ  view  of  the  upper  or  machine  deck.  Fig.  3  is  a  plan  view  of  the 
lower  or  boiler  deck,  and  Fi^.  4  is  an  elevation  (part  in  section)  showing  the  mechan- 
innfor  making  the  aerial  ship  rise  or  descend  in  the  air. 

A  is  the  balloon  proper  or  gas-receptacle,  and  is  preferably  made  cigar-shaped  and 
filled  with  hydrogen  gas. 

B  is  the  net- work  which  surrounds  the  balloon  A,  and  carries  by  ropes  C  the  ma- 
ehine-deck  D,  to  the  under  part  of  which  is  supported  the  boiler-deck  E. 

F  is  the  rudder,  which  may  be  formed  like  a  mainsail  of  a  yacht,  and  is  moved  by 
tiller-ropes  G,  which  pass  around  blocks  g  g^  and  are  secured  to  the  tiller- wheel  H  in 
the  forward  part  of  the  deck  D. 

I  are  the  boilers  or  gas-holders  and  J  is  the  smoke-pipe,  which  may  extend  down- 
ward, as  shown,  and  deliver  the  smoke  from  the  gas  bf  low  the  deck  E,  so  as  to  allow 
the  upper  deck  to  remain  clear  and  prevent  injury  to  the  silk  or  other  material  con- 
ttitnting  the  balloon  proper. 

K  is  a  steam  or  gas  air-compressor,  in  which  air  is  compressed  and  delivered  by  a 
pipe,  L,  to  a  reservoir,  M,"  under  high  pressure.    From  the  reservoir  M  it  is  allowed 


76  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

to  rush  throagli  the  discharging  nozzle  N  with  any  desired  velocity,  which  is  ref- 
lated by  means  of  the  valve  n.  If  desired,  the  end  N'  of  the  nozzle  N  may  be  hin^^ed 
or  pivoted  on  a  universal  Joint,  as  at  N',  so  that  by  setting  said  pivoted  section  at  an 
anele  the  vessel  may  be  quickly  turned  or  made  to  travel  in  a  curved  line  and  raised 
or  lowered  at  will.  This  may  be  used  in  conjunction  with  the  rudder  F,  and  will  be 
advantageousi  particularly  when  traveling  with  the  wind. 

In  place  of  using  the  intermediate  reservoir  M,  the  air  may  be  forced  direct  from 
the  compressor  into  the  discharging  nozzle  or  pipe,  which  extends  out  of  the  rear  of 
the  ship  and  below  the  rudder ;  but  by  using  a  reservoir  the  pulsations  of  the  dis- 
charged air  due  to  the  intermittent  action  of  the  compressor  will  not  be  felt  by  the 
ship,  and  as  the  air  in  the  receiver  exerts  an  equal  and  opposite  pressure  on  all  sides, 
except  in  the  rear,  where  the  diitchargins-nozzle  is  placed,  and  which,  if  it  were  not 
for  said  nozzle,  would  have  been  in  stable  equilibrium,  is  now  unstable,  the  vessel  is 
propelled  with  a  force  equal  to  the  difference  in  pressure  on  the  frout  and  back  of  the 
said  reservoir  and  the  reactionary  effect  of  the  compressed  air  upon  the  atmosphere 
in  its  exit. 

The  exhaust-steam  from  the  compressor  K  may  be  condensed  in  a  condenser^  O,  and 
pumped  back  into  the  boilers  I.  The  condenser  may  be  kepr.  cool  by  circulation  of  a 
refrigeratiug-liquid  cooled  in  a  refrigerator,  P,  and  circulated  by  a  pump,  Q ;  or  the 
steam  may  be  condensed  by  a  chemical  refrigerator  alone. 

It  is  advisable  to  use  the  condensed  steam,  as  the  consumption  of  water  would  vary 
the  burden  of  the  vessel,  and  caust^  it  to  rise  when  not  desired,  and  to  prevent  this  it 
would  be  necessary  to  allow  an  equivalent  of  the  hydrocren  gas  to  escape.     By  using  a 

f;as-engine  instead  of  a  steam-engine  we  entirely  avoid  this  difficulty,  and  we  avoid  en- 
irely  all  danger  fiom  fire  and  the  weight  of  water  and  coal  or  other  fuel  for  the  en- 
gine.    The  gas- fuel  for  the  gas-engine  is  compressed,  before  starting,  into  a  receiver. 

To  regulate  the  vertical  travel  of  the  balloon  or  ship  in  the  air  without  varying 
the  tension  in  the  receptacle  A,  I  provide  the  said  receptacle  with  a  smaller  flexible 
receptacle,  A',  located  within  the  larger. 

R  IS  a  strong  reservoir  into  which  hydrogen  gas  is  forced  under  very  high  pressure. 

S  is  a  compressor  or  force-pump,  which  may  be  operated  by  steam  or  hand  power. 

(is a  pipe  connecting  with  the  receptacle  or  balloon  A,  and  has  two  branches,  V  <*, 
provided  with  valves,  one  of  which  connects  with  the  hydrogen  tank  R  and  the  other 
with  the  suction  of  the  compressor  S. 

W  is  an  air-suction  pipe  for  the  compressor,  and  is  also  provided  with  a  valve. 

U  is  an  air-pipe  connecting  the  air  receptacle  A'  with  the  discharge  of  the  com- 
pressor bv  a  pipe,  V,  which  is  provided  with  a  valve,  and  also  with  a  discharge-pipe, 
W,  provided  with  a  valve,  which  pipe  opens  into  the  atmosphere.  The  discharge  of 
the  compressor  is  also  connected  by  a  valve-pipe,  V,  with  the  hydrogen-tank  R. 

To  ascend,  air  is  allowed  to  escape  by  pipe  W  from  vessel  or  bag  A',  and  hydrogen 
is  passed  into  the  receptacle  A  from  tank  R  by  pipes  t'  i  until  the  receptacle  A  is 
filled  out.  To  descend,  hydrogen  is  allowed  to  escape  into  the  atmosphere  from  bal- 
loon or  receptacle  A,  or  is  drawn  through  pipes  ( I?  and  forced  into  the  tank  R  by 
oompressor  S  and  pipe  V,  and  air  is  then  sucked  in  pipe  W  and  forced  by  compres- 
sor S  through  pipes  V  and  U  into  bag  A'  to  fill  out  the  receptacle  A,  as  before. 

In  place  of  air,  any  other  gas — as  bisulphide-of-carbou  vapor  or  carbonic  oxide — 
may  be  forced  through  nozzle  N. 

I  do  not  limit  myself  to  the  details  of  construction,  as  ray  invention  comprehends 
the  application  of  air,  gas,  or  vapor  kept  in  unstable  equilibrium  in  a  receiver  and 
allowed  to  escape  in  the  rear  of  an  aerial  ship  in  order  to  propel  the  same  forward. 

Having  now  described  my  invention,  what  I  claim  as  new,  and  desire  to  secure  by 
letters  patent,  is — 

(1)  The  combination,  in  an  aerial  ship,  of  the  hydrogen  or  gas  receptacle  made  ob- 
long or  cigar-shaped,  decks,  ropes  connecting  said  decks  with  said  gas  receptacle, 
boilers  I,  and  air-compressor  K,  supported  upon  said  decks,  a  discharging- pipe,  N. 
extending  rearward  and  connecting  with  said  compressor,  and  the  rudder  F,  arranged 
above  said  discharging-pipe  and  below  the  gas-receptacle,  substantially  as  and  for 
the  purpose  specified. 

(2)  The  combination,  in  an  aerial  ship,  of  the  hydrogen  or  gas  receptacle,  made 
oblong  or  cigar-shaped,  decks,  ropes  connecting  said  decks  with  said  gas- receptacle, 
boilers  I,  reservoir  M,  an  air-compessor,  K,  supported  upon  said  decks,  a  pipe  connect- 
ing said  reservoir  with  said  compressor,  a  discharging-pipe,  N,  extending  rearward 
and  connecting  with  said  compressor  through  said  reservoir,  aud  the  rudder  F,  ar- 
ranged above  said  discharging-pipe  and  below  the  gas-receptacle,  substantially  as 
and  for  the  purpose  specified. 

(3)  The  combination  of  gas-receptacle  A  with  the  inner  receptacle  A',  a  hydro- 

f  en-tank,  R,  a  compressor,  S,  and  connecting-pipes  and  valves  by  which  the  gas  may 
e  transferred  to  or  from  receptacle  A  and  air  to  or  from  receptacle  A',  snbstantially 
as  and  for  the  purpose  specified. 

(4)  An  aerial  ship  formed  with  an  oblong   or  cigar-shaped  gas-receptacle,  and 
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njrporting  areeeryoir  into  which  air  is  forced  under  preasare,  and  an  adjustable  dis- 
ehirge-nozzle  opening  iirom  the  rear  end  of  said  reservoir  and  projecting  rearwardly 
torn  the  balloon  or  aerial  ship,  substantially  as  and  for  the  purpose  specified, 
hi  testimony  of  which  inTcntion  I  hereunto  set  my  hand. 

RUSSELL  THAYER. 
Witnesses: 

Nathl.  E.  Janmst. 
Jos.  J.  Knox. 


MOTOR. 
Russell  Thatbr,  of  Philadelphia,  Pa. 

(aptefAoitioB  forming  part  of  Letters  Patent  No-  300,009,  dated  December  9, 1884.    Appliostion  filed 

March  17.  1884.    (No  modeL)] 
To  dU  whom  it  may  coiteem : 

Be  it  known  that  I,  Rassell  Thayer,  of  the  city  and  county  of  Philadelohia,  and 
Bute  of  Pennsylvania,  have  invented  an  improvement  in  motors,  of  whicn  the  fol- 
lowing is  a  specification. 

My  iDvention  haa  reference  to  the  propulsion  of  aerial  ships,  land  vehicles,  and 
narine  veasels;  and  it  consists  in  said  aerial  ships,  vehicles,  or  vessels,  provided 
with  means  to  comqpress  air,  and  an  intermittent  storage-reservoir  having  discharge 
ing-Yslves  at  one  or  both  ends,  said  valves  being  intermittently  operated  to  allow 
moden  discharges  of  the  air  or  vapor  compressed  into  said  reservoir,  whereby  the 
forces  of  the  air  compressed  in  said  reservoir  when  rendered  unstable  are  enabled  to 
reset  upon  one  end  of  said  reservoir,  to  cause  the  said  aerial  ship,  land  vehicle,  or 
mrine  vessel  to  Ym  propelled,  and  in  details  of  construction,  all  ot  which  are  fiilly 
Mi  forth  in  the  following  specification,  and  shown  in  the  accompanying  drawings, 
which  form  part  thereof.    By  forcing  the  air  into  a  reservoir  so  constructed  that  when 
the  pressure  therein  reaches  a  certain  amount  a  large  opening  would  be  automatio- 
•Ut  provided  for  the  instantaneous,  discharge  or  escape  or  the  compressed  air  or  vapor 
it  one  end  of  said  reservoir  a  very  great  increase  in  propellins  power  can  be  rendered 
iviilahle,  for  the  reason  that  at  the  instant  previous  to  the  disohargo  from  the  reser- 
voir the  forces  generated  therein  by  the  compressed  air  or  ^as  acting  against  its  ex- 
teoHTe  internal  surface  will  be  in  a  condition  of  stable  equilibrium,  but  at  the  instant 
tbeeodof  the  reservoir  is  opened  these  forces  on  that  end  will  be  released,  while 
those  00  the  other  end  are  still  acting,  consequently  at  that  moment  the  reservoir 
woold  take  up  a  motion  due  to  the  unsupported  action  on  the  closed  end,  and  as  tho 
VBservoir  is  a  part  of  the  motor  and  the  motor  is  a  part  of  the  entire  structure  to  bo 
piopelled,  it  wiU  move  in  the  direction  opposite  to  that  from  which  the  spent  energy 
M  Rleaiied.    By  varying  the  area  of  the  discharge  and  the  pressure  of  the  compressed 
ftir  SOT  desired  force  may  be  produced  for  use  in  propelliog. 

lo  the  drawings,  Fig.  1  is  a  side  elevation  of  an  aerial  ship  having  my  improved 
motor  attached  thereto.  Fig.  2  is  a  side  elevation  (with  the  reservoir  in  section)  of 
B)  improved  motor.  Fig.  li  is  a  plan  view  of  same.  Fig.  4  is  an  end  view  of  the 
neen'oir,  showing  the  discharge- ports.  Fig.  5  is  a  plan  vinw  of  the  reservoir  discharger 
▼aires.  Fig.  6  is  an  outline  of  a  marine  ship  having  my  improved  motor  applied 
thfivto;  and  Fig.  7  is  a  side  elevation  of  a  land  vehicle  having  my  improved  mutor 
spplied  thereto. 

A  represents  the  aerial  ship,  land  vehicle,  or  marine  vessel.  B  is  the  deck  or  floor 
tpon  which  the  motor  is  applied.  C  is  the  boiler;  C\  the  smoke-stack:  D,  the  air* 
eompresior;  £,  the  intermittent  storage-reservoir.  The  com  pressor  D  dra^vn  ia  air 
by  valves  d  and  discharges  it  by  pipe  F  into  the  side  of  the  reservoir  E.  This  reser- 
voir may  be  made  in  any  manner  desired,  having  one  or  both  its  heads  G  provided 
^th  discharge- valves.    These  heads  6  may  have  ports  g. 

H  is  a  central  shaft  supported  by  the  heads.  Loosely  supported  upon  this  shaft  H, 
tDd  sgainst  the  inner  faces  of  heads  G,  are  the  circular  valves  I,  having  apertures  i, 
tocom^spond  with  the  openings^  in  the  heads.  These  valves  have  clntcli-hulm  J. 
l>*p0D  the  shaft'  H  hetweeu  the  heads  is  a  longitudioally-reciprocatiug  sleeve,  K,  ro- 
tat*^l  or  rucked  with  the  shaft  H  by  mesns  of  feathers  k'.  This  sleeve  is  provided 
vith  circumferential  groove  K'  aud  a  clutch,  kj  on  each  end,  which  are  adapted  to 
i^iesh  with  the  clutches  J  on  valves  I.  This  sleeve  may  be  moved  longitudinally  to 
Biesb  with  either  of  said  valves  by  an  arm,  L,  secured  to  a  rock-shaft,  h',  aud  adapted 
I  to  be  nicked  bv  a  hand-lever,  M,  which  may  be  set  in  either  of  its  extreme  positiona 

by  detent-pawl  m,  catching  in  notches  n  in  segment  N. 

The  shaft  H  may  be  intermittently  rocked  by  hand  or  any  snitable  automatic 
iiechaQiiim— tor  instance,  as  shown — in  which  an  arm  O,  is  secured  to  the  end  of 
the  shaft  H  outside  the  reservoir,  and  is  drawn  in  one  direction  by  a  spring,  O',  au<1 
pulled  in  the  other  by  a  bell-crank  lever,  8,  pivoted  to  a  frame,  T,  and  having  its  free 
*rm  provided  with  a  pin,  a, 
Kis  a  ratchet-wheel,  which  is  supported  in  a  bearing,  B',  and  provided  with  a  pin. 
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r,  on  its  face,  which  is  arranged  to  strike  the  pin  8  daring  the  rotation  of  said  ratchet- 
wheel.  This  ratchet-wheel  is  rotated  by  the  pawl  P',  pivoted  to  a  head  or  block,  P, 
carried  by  the  piston-rod  D^,  the  said  pawl  being  pressed  against  the  ratchet-wheel 
by  a  spring,  p.  The  ratchet-wheel  R  is  prevented  from  rotating  in  the  other  direction 
by  a  pawl,  P*.  As  shown,  there  are  twelve  teeth  to  the  ratchet-wheel ;  hence  the  com- 
pressor will  make  twelve  double  strokes  to  make  one  revolution  of  said  ratchet-wheel, 
and  during  one  of  the  intermittent  movements  of  the  ratchet-wheel  the  pin  r  thereon 
strikes  the  pin  8,  rocking  the  crank  S  and  suddenly  opening  the  valve  I  by  caasing 
the  shaft  H  to  be  rocked.  As  shown,  it  is  discharging  from  the  rear  end.  If,  now,  it 
is  desired  to  move  backward,  the  hand-lever  M  is  moved  and  the  sleeve  K  moved  until 
its  clutch  k  meshes  with  the  clutch  J  on  the  forward  valve  I,  when  any  movement 
to  shaft  H  causes  the  discharge  to  take  place  in  the  opposite  direction.  By  this  means 
a  great  and  stable  force  may  be  generated  in  the  reservoir,  and  which  may  in  an  in- 
stant be  made  unstable  by  the  opening  of  one  of  the  valves  I,  allowing  the  forces  to 
act  mainly  on  one  end  of  the  reservoir. 

To  guide  the  vessel,  tubular  extensions  E'  may  extend  out  of  the  reservoir  £  on 
each  side,  as  shown  in  Fig.  3,  and  may  be  provided  with  valves  e.  By  this  means  a 
constant  discharge  may  be  used,  or  the  valves  may  be  opened  when  the  main  dischai^e 
takes  place  to  allow  the  unstable  equilibrium  or  forces  to  come  into  play  as  well  &t 
steering  as  for  propelling. 

In  the  case  of  marine  ve-ssels,  the  air  when  leaving  the  reservoir  £  may  be  conveyed 
in  all  or  part  below  the  water  by  a  pipe,  CP,  (see  Fig.  6,)  t-o  obtain  the  reactive  force 
on  the  water  as  well  as  the  resultant  of  the  forces  in  the  reservoir  when  the  discharge 
takes  place.  The  air  in  this  instance  may  be  controlled  by  a  valve,  Q,  in  the  rear 
disch  arge-iiozzl e  G^ 

I  do  not  limit  myself  to  the  details  of  construction,  as  they  may  be  modified  in  va- 
rious ways  without  departing  from  my  invention. 

Having  now  described  my  invention,  what  I  claim  as  new,  and  desire  to  seonre  by 
Letters  Patent,  is — 

(1)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storaffe- 
resei  voir  and  valved  discharging-ports  at  one  or  both  ends,  substantially  as  and  for 
the  purpose  specified. 

(2)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  and  valved  discharging-ports  at  one  or  both  ends,  and  automatic  mechan- 
lam  to  intermittently  actuate  said  valves,  snbstantialljr  asand  for  the  purpose  specified. 

(3)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  stora^e- 
fcservoir  and  valved  discharging-ports  at  one  or  both  ends,  and  automatic  mechan- 
ism controlled  by  the  compressor  to  intermittently  actaate  said  valves  after  a  certain 
number  of  strokes,  substantially  as  and  for  the  purpose  specified. 

(4)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  and  valved  discharging-ports  at  one  or  both  ends  and  on  its  sides,  substan- 
tially as  and  for  the  purpose  specified. 

(5)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage* 
reservoir  having  discharging-ports  at  each  end,  valves  to  open  or  close  said  ports,  and 
mechanism  to  render  either  or  said  valves  operative,  but  not  both  at  the  same  time, 
substantially  as  and  for  the  purpose  specified. 

(6)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  having  discharging-ports  at  each  end,  valves  to  open  or  close  said  ports,  and 
mechanism  to  render  either  of  said  valves  operative,  but  not  both  at  the  same  time, 
and  automatic  mechanism  to  intermittently  actuate  said  valve,  substantially  as  and 
for  thepurpose  specified. 

(7)  The  combination  of  compressor  D,  pipe  F,  reservoir  E,  having^  discharging- 
ports  g,  valves  I,  having  ports  i  and  clutch-teeth  J,  shaft  H,  means  to  intermittently 
rock  said  shaft,  sleeve  K,  having  clutch-teeth  Jc,  and  means  to  move  said  sleeve,  sub- 
stantially as  for  the  purpose  specified. 

(8)  The  combination  of  compressor  D,  pipe  F,  reservoir  E,  having  discharging- 
ports  g,  valves  I,  having  ports  i  and  clutch-teeth  J,  shaft  H,  means  to  intermittently 
rock  said  shaft,  sleeve  K,  having  clutch-teeth  k,  and  means  to  move  said  sleeve,  con- 
sisting of  arm  L,  shaft  L',  lever  M,  and  means  to  lock  said  lever  M  in  its  extreme 
positions,  substantially  as  and  for  the  purpose  specified. 

(9)  The  combiiiation  of  compressor  D,  pipe  F,  reservoir  E,  having  ports  g,  valves  I, 
having  ports  t,  shaft  H,  arm  O,  lever  S,  having  pin  «,  ratchet-wheel  R,  having  pin  r, 
piston-rod  D',  and  pawl  P',  substantially  as  and  for  the  purpose  specified. 

(10)  The  combination  of  the  air- compressor  D,  pipe  F,  reservoir  E,  a  discharging- 
yalve,  means  to  intermittently  actuate  said  valve,  and  means  to  guide  the  discharged 
air  in  one  or  more  directions,  substantially  as  and  for  the  purpose  specified. 

In  testimony  of  which  invention  I  hereunto  set  my  hand. 

RUSSELL  THATER. 
Witnesses: 

R.  M.  Hunter, 
FrancisS.  Brown. 
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M.  L.  S.   BXJCKNEIffS  AERIAL  DROP  FOR  EXPLOSIVES,  BY  THE  ORDNANCE 

BOARD, 

(1  plate.) 

The  follo^ving  letter  was  received  from  the  Ohiet'  of  Ordnance  January 
S4,1885: 

Dr.  M.  Li.  8.  Backner,  of  Shelby ville,  Ky.,  introdaced  by  Senator  Beck,  is  the  in- 
TeDtoT  of  a  method  of  nsin^  high  explosives  from  balloons. 

He  ^wiU  call  at  tbe  New  York  Arsenal  next  Saturday,  and  the  Board  will  ^ye  htm  an 
interview  and  examine  his  plans,  reporting  their  opinion  and  what  action,  if  any, 
■honld  be  taken  by  tbe  Department  in  experimenting  with  the  invention. 

Dr.  Backner  apx>eared  before  the  Board  January  24,  1885,  with  a 
model  of  his  apparatus  and  explained  its  operations. 
He  eubsequently  sent  to  the  Board  a  copy  of  his  application  for  a 

eitent,  ^ving  a  drawing  and  specifications  which  is  herewith  appended. 
e  desires  that  this  be  kept  secret  for  the  present. 
The  machine  is  ingenious  and  there  seems  to  be  no  doubt  that  it  will 
work  and  drop  its  explosives  at  the  fixed  time  to  which  the  alarm-clock 
may  he  set.  The  machine  has  to  be  suspended  from  a  balloon,  and  to 
he  efficient  would  require  a  very  accurate  knowledge  of  the  force  and 
direction  of  the  wind  at  difierent  elevations,  and  of  course  at  best  could 
only  he  used  under  the  most  favorable  circumstances  and  when  the 
wind  was  hlowing  in  the  direction  of  the  object  to  be  reached.  The 
Board  is  not  sufficiently  versed  in  the  science  of  aerostation  to  express 
an  opinion  as  to  the  probable  accuracy  with  which  a  balloon  can  be  es- 
timated to  reach  a  given  point  and  the  length  of  time  required  to  do  so. 
The  BiMurd  wonld  therefore  suggest  that  this  matter  be  referred  to 
some  one  who  has  made  a  study  of  this  subject. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance.  President  of  the  Board. 

GEO.  W.  McKBB, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 


BFSCiyiCATlON    VORMIXO    PART    07    APPLICATION    FILED    SEPTEMBER    17,   1884,    BT 

MOSES  L.  8.  BUCKNBR  FOR  AERIAL  DROPS  FOR  EXPLOSIVES. 

[AUowed  October  4, 1884.] 
2b  all  whom  it  may  concern : 

Be  it  known  that  I,  Moses  L.  S.  Bnckner,  a  citizen  of  the  United  States,  residing  at 
Shelbyville,  in  the  connt^  of  Shelbv  and  State  of  Kentucky,  have  invented  a  new 
and  luefol  impioyement  in  aerial  mop  for  explosives,  of  which  the  following  la  a 
deaeriptioii. 

\  ™ 
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This  invention  relates  to  aerial  transportation  of  explosives  and  dropping  them  in 
warfare ;  and  it  has  for  its  object  to  reach  the  enemy  with  destroying  agenia  at  dis- 
tances greater  than  may  be  done  by  any  present  known  method  of  wrowing  projec- 
tiles. 

To  this  end  my  invention  consiste  in  the  constrnction  and  combination  of  parts 
forming  the  aerial  drop  for  explosives  hereinafter  described  and  claimed,  reference 
being  had  to  the  accompanying  drawings,  in  which  Fig.  1  is  a  front  view  of  my  inven- 
tion and  Fig.  2  shows  the  principal  parts  in  detail. 

A  represents  a  frame  of  any  suitable  form  to  support  a  common  time-keeping  clock, 
B,  and  my  explosive  dropping  arrangements,  and  to  be  supported  by  a  balloon,  C.  D 
is  a  belt  or  chain  monntea  to  rotate  on  pulleys  E  F.  The  pulley  £  is  a  mere  roller, 
and  it  may  be  joumaled  on  a  level  with  the  pulley  F,  so  as  to  cause  the  belt  to  traverse 
horizontally ;  or  it  may  be  joumaled  above  the  pulley  F,  causioff  the  belt  to  travel 
vertically.  G  0  are  buckets  or  other  receptacles  for  carrying  explosives  in  any  suit- 
able form.  These  receptacles  may  hang  sideways  against  the  belt,  as  at  O',  or  they 
may  sit  flat  upon  the  belt,  as  at  G",  In  either  case  the  revolving  of  the  belt  tips  the 
buckets  to  discharge  their  contents  as  each  passes  over  one  of  tne  pulleys.  The  re- 
ceptacles may  be  arranged  in  any  desired  order  on  the  belt,  either  clustered  together 
or  equally  spaced  over  its  entire  length.    The  pulley  F  is  connected  by  a  train  of 

Spear-wheels  with  a  propell Lug-spring,  H,  its  rate  of  revolution  being  governed  by  a 
an-wheel,  I,  whose  blades  being  resisted  by  the  air  are  restricted  to  a  given  speed. 

This  portion  of  the  device  is  common  clock-work,  such  as  is  used  for  similar  pur- 
poses, and  it  is  here  called  *'  propelling  mechanism."  This  propelling  mechanism,  after 
being  wound  np,  remains ilxed  until  the  clock-hands  arrive  at  the  figures  indicating  the 
time  at  which  the  device  has  been  previoubly  set  to  start ;  then  it  starts  to  revolve  and 
continues  to  revolve  until  the  con  tents  of  the  receptacles  G  are  emptied — that  is,  until 
the  belt  D  has  made  a  complete  revolution.  The  shaft  of  the  driving-pulley  F  would 
start  at  once  to  revolve  as  soon  as  the  spring  H  is  wound  up,  but  its  revolution  is  pre- 
vented  in  the  same  manner  as  the  alarm  of  a  clock  is  prevented  from  operating  until 
a  given  time.  J  represents  the  time-hand  of  the  starting  device,  and  K  is  the  knob 
by  which  it  is  set.  In  service  my  aerial  dropper  for  explosives  will  be  managed  ac- 
cording t4>  the  rules  of  scientific  gunnery  and  engineering. 

The  speed  and  course  of  the  wind  and  the  distance  to  tne  enemy  being  ascertained, 
it  only  remains  to  locate  the  starting-point  in  the  proper  line,  set  the  time-escape- 
ment to  the  number  of  minutes  or  hours  required  for  the  Ijalloon  to  travel  that  dis- 
tance, then  start  the  ballo<m.  Dynamite  and  such  like  powerful  explosives  may  be 
thus  rlropped  upon  the  enemy  from  overhead,  where  he  is  least  protected. 

A  fort>,  an  army,  or  vessels  may  be  thus  destroyed  by  means  wholly  irresistible. 

What  I  claim  as  my  invention,  and  desire  to  secure  by  letters  patent,  is : 

1.  The  combination,  with  a  series  of  exploHive  carrying-receptacles  arranged  to 
empty  their  contents  in  rotation,  and  means  for  rotating  them,  of  clock-work  con- 
nected with  said  means  of  rotation  to  start  it  to  rotating  at  any  given  time  and  a  bal- 
loon for  carrying  the  said  apparatus. 

2.  The  combination,  with  the  frame  A,  and  the  pulleys  E  and  F,  joumaled  therein, 
of  the  belt  D,  mounted  to  rotate  on  the  pulleys,  the  receptacles  G,  attached  to  the  belt, 
the  spring  H,  and  gear-wheels  conuectiug  it  with  the  driving-pniley  F,  the  clock  B, 
provided  with  the  s«)tting-kuob  K  and  time-hand  J,  means  connecting  the  clock  with 
the  palley  F,  the  bnlloon  (J,  supporting  the  frame  A,  and  attHohments,  substantially 
as  Hhown  and  •  escribed,  whereby  explosives  may  be  transported  through  the  air  for  a 
given  length  of  time  and  then  be  dropped,  as  specitied. 

The  above  Hpecitication  of  my  invention  signed  by  me  in  the  presence  of  two  sub- 
scribing witnesses. 

MOSES  L.  S.  BUCKNEB. 
Witnesses : 

W.  X.  Stevkns. 
Solon  C.  Keknon. 
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FIBINGS    WITH    H0TCHKI88    MOUNTAIN    GUN.     BY    THE    OEDNANCB 

BOARD, 

(2  plates.) 

The  gun,  its  carriage  and  ammanition  are  described  and  illustrated 
in  the  Eeport  of  the  Chief  of  Ordnance  for  1881,  page  133,  et  seq. 

The  experiments  tabulated  belo^  were  carried  on  by  order  of  the  CJiief 
of  Ordnance  given  in  an  indorsement  dated  December  9,  1884,  on  a 
letter  from  B.  B.  Hotchkiss.  This  letter  states  that  the  report  above 
referred  to  gives  too  high  a  velocity  for  the  projectile  and  charge  of 
powder  used.  Examination  of  the  report  shows  that  the  weight  of  the 
projectile  is  recorded  as  2  pounds  10  ounces,  whereas  it  should  have 
been  given  as  2  pounds..  The  other  data  of  the  report  on  this  subject 
are  correct.  An  inclosure  to  the  letter  of  Mr.  Hotchkiss  gave  a  schedule 
of  work  required  and  field  data  to  be  obtained  for  computing  a  range 
table  for  the  mountain  gun  and  supplied  a  form  according  to  which  it 
was  desired  that  the  records  might  be  furnished.  The  firing  records  in 
the  usual  form  are  furnished  with  this  report,  and  the  same  records 
arranged  as  desired  by  Mr.  Hotchkiss  are  as  follows : 

IHal$  eonducM  between  Januwry  30  and  February  20,  1885,  wilder  inBtructionB  from  the 
Chief  of  Ordnance  dated  December  9,  1884,  with  the  Hoiohkisa  A2^millimeter  mountain 
gun. 

flat  Object  of  trial  i  the  determinfttion  of  velooitiee  at  100  and  550  feet  firom  muzzle  with  deviations 

tcom  center  of  impact.] 

C0NDITI0;6rS  OP  FIRING. 

Projectile:  Cast-iron  shell  weighted  to  1  pound  15  ounces. 

Charge:  Powder,  Du  Font's  HN;  density,  1.607;  granulation,  22930;  weight,  5^ 
oonces. 

Pointing :  Inclination  -|-  2^. 

Wind:  Direction^  front  and  right,  48^  (angles  read  from  the  line  of  fire  in  each  quad- 
rant) ;  force,  5.9  feet. 

Barometer,  30".315;  thermometer,  27^.3;  wet  bulb,  24^.2;  dew  point,  16«^.9. 

The  gan  on  its  carriage  was  fired  from  a  plank  walk,  occupying  pre- 
cisely the  same  position  for  each  round ;  the  service  sights  of  the  gun 
were  used  in  pointing,  but  elevations  were  given  with  the  quadrant. 
The  board  target  was  distant  from  the  muzzle  620  feet,  and  its  bulPs-eye 
was  0.9  feet  above  axis  of  trunnions  of  gun.  !N^o.  32  wire  was  used  on 
the  velocity  targets.  The  powder  charges  were  weighed  out  on  scales  • 
recording  one-fourth  grains. 

81 

4625  OBD 6 


Appendix    13. 


FIBINGS      with:     MOTCHKIS8    MOUNTAIN    GUN     BY    THE    OEDNANCB 

BOARD, 

4 

(2  plates.) 

The  guB,  its  carriage  and  ammanition  are  described  aud  illustrated 
in  the  Itepwort  of  the  Chief  of  Ordnance  for  1881,  page  133,  et  seq. 

The  experiments  tabulated  belo^  were  carried  on  by  order  of  the  GJiief 
of  Ordnance  given  in  an  indorsement  dated  December  9,  1884,  on  a 
letter  from  B.  B.  Hotchkiss.  This  letter  states  that  the  report  above 
referred  to  gives  too  high  a  velocity  for  the  projectile  and  charge  of 
powder  used.  Examination  of  the  report  shows  that  the  weight  of  the 
projectile  is  recorded  as  2  pounds  10  ounces,  whereas  it  should  have 
been  given  as  2  poands..  The  other  data  of  the  rei>ort  on  this  subject 
are  correct.  An  inclosure  to  the  letter  of  Mr.  Hotchkiss  gave  a  schedule 
of  ^work  required  and  field  data  to  be  obtained  for  computing  a  range 
table  for  the  mountain  gun  and  supplied  a  form  according  to  which  it 
was  desired  that  the  records  might  be  furnished.  The  firing  records  in 
tlie  nsaal  form  are  furnished  with  this  report,  and  the  same  records 
arranged  as  desired  by  Mr.  Hotchkiss  are  as  follows : 


conducted  heiween  January  30  and  February  20,  1885,  under  inetructione  from  the 

Chitf  of  Ordnance  dated  December  9,  1884,  with  the  Hoiohkisa  42-m%llimeter  mountain 


flaft.  Objeet  of  trial}  the  determinatioii  of  Tolooitiee  at  100  and  550  feet  from  mazzle  with  deviations 

from  center  of  impact.] 

coNi)iTio;6rs  ov  piking. 

I^rofeeiiU:  Cast-iron  shell  weighted  to  1  ponnd  15  oances. 

Charge:  Powder,  Du  Font's  HN;  density,  1.607;  granulation,  22930;  weight,  5| 


Pdmiing  :  Inclination  -|-  2^ 

Wind  :  Direction,  front  and  right,  48^  (angles  read  from  the  line  of  fire  in  each  quad- 
rant) ;  force,  5.9  feet. 

Barometer,  30".315;  thermometer,  27o.3;  wet  hulb,  24^.2;  dew  point,  16o.9. 

The  gun  on  its  carriage  was  fired  from  a  plank  walk,  occupying  pre- 
cisely the  same  position  for  each  round ;  the  service  sights  of  the  gun 
irere  naed  in  pointing,  but  elevations  were  given  with  the  quadrant. 
The  board  target  was  distant  from  the  muzzle  620  feet,  and  its  bull's-eye 
^wsus  0.9  feet  above  axis  of  trunnions  of  gun.  "No.  32  wire  was  used  on 
tlie  velocity  targets.  The  powder  charges  were  weighed  out  on  scales  • 
recording  one-fourth  grains. 
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1.276 
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1,279 

1.186 
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1, 276. 6 

1,183 
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+2' 

1.280 

1,179 

10 

+2' 

1,283 

1.189 
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DeTiatUms. 


From  oenier  of  target. 


From  center  of  impaot. 


Yertioa]. 

Above. 

Below. 

■ 

Feet. 

Fut, 

0.10 

6.50 

0.93 

6.38 

0.68 

■■■••*      • 

,0.83 

0.24 

0.81 

•'.70 



0.61 

1.68 

3.20 

Horisontal. 


Right 


Feet 
0.19 


Left. 


FmL 


0.07 
0.21 


0.71 
0.U8 
0.11 
0.66  , 
0.81  - 
0.86  I 


3.42 


0.96 


1.23 


1. 62-1-10=0. 162    2. 10-i-10=0. 219 


Yertioa]. 


Above.  Below. 


Feet 
0.262 


1.092 


0.402 
0.472 


2.228 


0.828 

0.218 
0.618 
0.168 


HorizontaL 


Ri^ht. 


Feet 


Left 


0.491  I, 


Feet. 
0.029 
0.289 
,    0.420 


0.638 
0.448 


i  0.441 
0.591 
0.041 


2.228  >    2.164 


0.180 
0.109 


1.160 


2.164 


4.466-1-10=0.46 


4.328-1-10=0.43 


Mean  vertical  deviation  fh>m  center  of  impact 0'.45 

Mean  horizontal  deviation  from  center  of  impact 0'.43 

Mean  deviation  fbom  center  of  imj^act 0'.<I2 

[Nnroberof  shots,  10.] 


At  100  feet 

At  650  feet 

v       Mfmn  velocitv , . . . , . 

1,277.6 
1.283 
1,270 
13 
3.25 

1. 187. 2 
1,193 
1,179 
14 
4.20 

Ym     Maximum  velocity 

Ym    Minimum  velocity 

Ym — ^m  Yariation 

Em  Mean v^rif^tion    .r.r. 

Yo 

1 
1 

[2.  Object  of  trial:  Bange  firing  over  the  sea  at  9°  and  6<'  elevation;  mea8arement*of  ranges;  drift  and 

time  of  flight] 

CONDITIONS  OF  FIRING. 

Projectile:  Cast-iron  shell  weighted  to  1  pound  15  ounces. 

Charge:  Powder,  Du  Pout's  H  N;  density,  1.607;  graualation,  22930;  weight,  h^ 
oanoes. 
Pointing :  Inclination,  1st  series,  3° ;  2d  series,  6°. 
Wind:  Direction,  rear  and  left,  55^  ;  force,  5.9  feet. 
Barometer,  30".  184;  thermometer,  28.1 ;  wet  bulb,  25^.6;  dew  point,  2(PA. 

Gan  fired  from  plank  walk.  EloYations  given  with  quadrant,  and  as 
recorded,  not  corrected  for  angle  of  jump  or  difference  of  level.  Banges 
plotted  by  plane-tables. 


[An^le  of  elevation  d°.    Axis  of  tran- 
nions  of  gan  13.95  feet  above  sea-level.] 


Num-        -Y 
ber  of       /^ 
shot      y*™*- 


D  yards. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
lU 


Left.   '  Right. 


1,471 
1,480 
1,467 
1,467 
1,494 
1,479 
1,476 
1,493 
1,464 
1,480 


[Angle  of  elevation  6^.    Axis  of  trun- 
nions of  gun  13.33  feet  above  sea-level.] 


T 

sec- 
onds. 


Num-  I 
ber  of 
shot. 


3         4.5 

8  ...  I  4.5 

3         ,  4.4 

3  '     .     . .  ^  4. 5 
5         ;  4.5 

4  , '  4.5 

3.75  !  4.5 

5         ]  4.5 

2.75  I ,  4.5 

8           1  4.6 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


X 

yards. 


2,346 
2,345 
2,342 
2,361 
2,342 
2,335 
2,327 
2,352 
2,267 
2,312 


D  yards. 


Left. 

Right 

16 

14 

13 

14 

13 

11 

11 

12 

■  •  •  • .  * » • 

10 

T 

sec- 
onds. 


10.6 


8.0 

7.75 

7.75 

8.25 

8.0 

7.8 

7.75 

8.0 

7.75 

8.0 
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r4.  Oldeot  of  trial ;  the  determination  of  the  angle  of  Jnmp  at  0°,  3^,  0°,  Qo,  and  12o.l 

CONDITIONS  OF  FIBING. 

[PxqJootHe:  Cast-iron  shell  weighted  to  1  poand  15  oanoes.   Charge :  Powder,  Da  PonVs  EL  K. ;  density 

1.607;  granulation,  22930;  weight,  5|  onnces.] 


First  series. 


Pointing:  Inclination degrees . . 

Wind: 

Direction  from  TPar  and  right do 

Direction  from  rear  and  left do 

Force feet . . 

Barometer inches.. 

Thermometer degrees . . 

Wet  bulb do  ... 

Dew  poiut do  ... . 


OandS 
43 


29.8 

29,969 

19.9 

17.1 

7.8 


Second  series. 


6, 9,  and  12 


3  I 

35:2 

29,953 

14.8 

12.8 

5.6 


Gun  fired  from  plauk  walk  at  target  distant  100  feet.    Elevatious 
given  with  quadrant  and  gun  sighted  by  cross  hairs  in  bore  of  gun. 


Nnmber  of  Acts. 

Elevation. 

Angle  of 
jump. 

\ 
3 

Degrees. 
0 
8 
6 
9 
12 

1    II 

1W51 
2s^23 
22-48 

3 

8 

3 

3 

19-40 
17-18 

1 
1 

Note, — X'  D'  V©  are  not  calculated,  but  the  data  called  for  from 
which  they  may  be  obtained  are  all  given. 

T.  G.  BAYLOE, 
Colonel  of  Ordnance,  President  of  the  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
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Baeortl  qfjbriitg  aitli  EoUAkin  iS-maUmeter  mow 


F.  M Bvomi 


L  U.— BuvmeMr. 


W.GM;   thermam 
Ity.TT. 


¥ 


>i^^  I 


i  1,80; 

a  1,245 
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at  SoMdif  Hook,  N,  J.,  from  January  21  to  February  20,  1885. 


Spectel  remarks 


about  eaoli  lire,  saob  as  effect  on  pleoe,  soond  of  projectfle  in  fligbt,  soattoring  of 

frafnnents,  Ac. 


'  Fired  into  sand  batt. 


IHstanee  from  center  of  target, 
infect. 

Distance  from  center  of  impact, 
in  feet. 

Yertlral. 

Horisontal. 

Vertical. 

Horizontal. 

▲bore.   Below.    Right. 

Left. 

Above. 

Below. 
0.13 

Right.  1   Left. 

0.20   

LOO 

0.96 

i      0.02    

0.75 

0.85 

1      0.71 

1-17    2.71 

1.24 

2.75 

0.81  , 

0.41 

0.74 

'      0.37 

OlW    

0.88 

0.04 
0.12 

........ 

0.50    

0.08 

0.57    

^^\ 

0.91 

0.97 

0.87 

X48         2.97 

2.79 

3.07 

2.69  1      2.09 

1 

2.91 

2.91 

OL40f-7=0.07 

a28-»'7=0.04 

6.4»8-h7=0.77 

5. 82-^7=0. 83 

• 

\      ••^^ 


0»H 

tco 


Height  of  bnll's  eye  of  tar- 
y    get  above  axis  of  trun- 
nion of  gun,  0.9  feet 

• 

©  bCg 

H 

Mean  vertical  deviation  from  oen- 

ter  of  impact,  0'.77. 
Mean   horizontal   deviation  fh>m 

center  of  impact,  O'.^. 
Mean  deviation  ftt>m  center  of  im- 

pact,  IMS. 
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Beoord  of  firing  wilk  Eotdikui  42-miUimeler  mranlain  gun  Ifa.  M  at 


Kioii.     Z-Kind.,, 


29.  SIS; 
Ity,  7«. ' 


'  64  Jul  30 
06  Feb.  : 
MFob.     I 


M.U 


>* 

i"*! 

1  1 

H 

1 

J 

\H 

k 

>'• 

,51. 

i     U 

If          51 

"*! 

si! 

S     "i 

iy 

1     « 

^i' 

^     •> 

1  ' 

a      ^ 

^  !>' 

i  1 

S     ki 

ii 

a      U 

U' 

K 

!"■ 

1 1 

:^ 

In 

:Bi 

5* 

'»! 

1 

51 

1 1 

■..«[ 

■.»i 

13.00' 

«.»: 

■t.25! 

,..«! 

s 

"■"1 

1 

,..„! 

2 

11.  TS! 

1 

-1 

1 

■"! 

§ 

ii.j» 

1 

U.OD 

12.2s' 

12.00 

12. 2»' 
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Sandjf  Hook,  N.  J,,  from  January  21  to  February  20,  1885— Continued. 


.a 

o 
« 


II 

8 

n 
«i 

8 

7H 
71 
8 

71 

8 
11 
11 

Lout. 
11 
11 

Ui 
11 

101 

11 

11 

u 

14 
Loet. 

IH 
131 

14 

14 

U| 

14 
14 
14 


I 


Yardt. 
2,846 

2,345  i 

I 

2,342 

2,861 

I 
2,342 

2,335  ' 

2,827  I 

2.352  , 

I 

2,267 
2,812  ' 
Lost. 
2,082 
2,989 
2,889 
2,985 
2.996  I 
3.002  ' 
2|  096 
8, 012  \ 
2,998  ' 
2.998| 
8.592  I 
Lost.   , 
3,580  ' 
3,596 
3,604 
3,614 
3,560 
3.567 
3.626 
8,626 
8,569 


a 
o 

9 

Q 


Special  remarks  aboat  each  fire,  saoh  as  effect  on  piece,  sound  of  prqjeotile 

in  flight,  scattering  of  fragments,  &;o. 


Tard9. 
16   left 

14   left 

13  left 

14  left 

13  left 
11   left 

11  lea 

12  left 
10  left 
lOileft 
Lost 
111  left 
12i  left 
12ileft 
14i  left 
ISileft 
131  left 
13iIeA 
16|left 
15|left 
15i]eft 
13|  left 

lAMt 

17^  left 
9  left 

14  left 
14ileft 
12  left 
16}  left 
14|  left 
lifleft 
12   left 


« 


M 

e 

ft 


u  g 


« 

M 

eS 


•a 


»  Axis  of  gan,  13.33  feet  above  sea-leveL 


>  Axis  of  gun,  13.8  feet  above  sea-level. 


*  Axis  of  gan,  14.55  feet  above  sea-level. 
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Secord  0/  firing  with  EoteitkUt  i2-millimtUr  mminEain  guM  A 


SSjJw.  : 
UtIju.  : 


Weiiht  of  cable  foot 
ofair,  670.T. 

P.  H.— BaroiD 


I  SUM.  Kl^ 

B2  Jon.  SDj 

SSJu.  30 

I  64  Jul  301 

-;  BGFab.  S 

1  M  Pub.  31 


WdEhtarcDblcftiot 
of  B(r.  697.8. 

P.H._Biirom 


78  Feb. 
.  7BFtl>. 


■■'■18 


■I 

as 

J  M 

I!  IS 


9 


»« 

13.60 

12.60 

13.00 

12.60 

1J.Z6 

s 

18. 0« 

B 

13.  SS 

13. 7S 

11. 7S 

1 

131.60 

1 

1150, 

} 

lZ60j 

1 

13.  S6 

nA 

izis 

12.00 

1476, 

13. 2E 
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Special  remarks  about  each  fire,  such  as  effect  on  piece,  sound  of  projectile  In  flight,  scattering  of 

fragments,  &c. 


a 

a 


ts 

0 

« 
a 

I 


0 
s 
es 

V 


From  rounds  1-95  gun  was  fired  from  plank  walk. 


S 


4! 


Gun  fired  from  plank  walk,  rounds  104-118. 


I 


BEPOBT   OF    THE    CHIEF    OF    OEDNANCE. 
Becord  of  firing  tcUk  HotcklAu  43-nitIIiinef(r  moantal*  g 


2t.tTS;    I 

alar,  VIA 
it;.  «t. 


I   Poirder.    iPnttaoUla. 


p.  U.-B*rometer. 
29.«sili  tharmDm- 
9ttt,  lD-9;  humid-' 


nSSS,  the 
elar.  U.S;  l 
it7.<rr. 


Feb.  30' 
Feb.  20i 

Feb.  »; 
Feb.  » 
Feb.  20 
Feb.  SO 
llfFeb.  30 
Feb.  20 
iFeb.  20 


II 

II     . 
IS  I  1 


13.  SO! 


11   I 


lis  11 

11*! 


I- 1 


8^ 
I     i 
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Sndjf  Hook,  N,  ./.,  from  January  21  to  February  20,  1885— Continued. 


Speeial  remarke  aboat  each  fir©,  such  aa  effect  on  piece,  sound  of  projectile  in  flight,  ecattering  of 

fragmeuta,  d&c. 


c. 

5 

a 


3 

a 
a 

« 
a 

1 


a 

s 

r 

s 

«» 

e 

5 

■ 

e 
? 
!i 


From  roonda  1-95  gun  was  fired  from  plank  walk. 


God  fired  from  plaok  walk,  roundH  104-118. 


PLATE  I. 


cM^^:i>AM^ 


c^irrr// 


c^ 


iC^^  j^^^^W  jy.j. 


''6^.)0^f7Uyfo:tk4yrV  3^4^  J)^-  (f^ 


r^^ 


L.'/XS'i 


^O  ///cT 


7 

er 


.3^ 

r 

^  Rot  NT  AJMCO  JIT. 

^  CiT/y  r^£  or  /m^a  c  t. 


c*>«2L^^ 


Appradiz  13—1885. 
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Appendix    14. 


TRIAL  OF  BANDED  S-INCE  PROJECTILES   (EXPERIMENTAL).     BY  THE 

ORDNANCE  BOARD. 

(7  plates.) 

The  Chief  of  Ordnance  in  the  first  indorsement,  dated  December  8, 
1884,  on  Ordnance  Office  file  6555  of  1884,  directed  the  Ordnance  Board 
to  fire  certain  8-inch  projectiles  sent  from  Watertown  Arsenal. 

The  projectiles  (see  Plate)  were  in  six  lots  of  five  each.  The  lots  were 
marked  No.  1,  Ho.  1  modified.  No.  2,  No.  3,  No.  4,  and  No.  5.  The  body 
of  the  shot  was  the  same  in  all,  but  the  arrangement  of  the  bands  was 
different  in  each  lot.  All  the  bands  were  beveled  front  and  rear.  No. 
1,  No.  1  modified,  2,  and  3  had  single  bands  with  exterior  surfaces  which, 
independent  of  the  front  and  rear  bevel,  were  one  inch  wide. 

The  band  of  No.  1  commenced  with  a  cyliudrical  surface)  0.4  inch 
wide,  8.14 inches  in  diameter,  and  ended  in  a  conic  frustum  0.6  inch  wide, 
having  a  minimum  diameter  of  8.08  inches. 

The  band  of  No.  1  modified  had  a  fillet  0.15  inch  wide,  8.15  inches  in 
diameter,  then  a  cylindrical  surface  0.85  inch  wide,  8.08  inches  in  di- 
ameter. 

In  No.  2  the  surface  of  the  band  was  a  conic  frustum  with  maximum 
and  minimum  diameters  of  8.15  inches  and  8.08  inches. 

No.  3  had  a  cylindrical  band  1  inch  wide,  8.14  inches  in  diameter. 

No.  4  had  two  narrow  cylindrical  bands  0.32  inch  wide,  8.14  inchesi 
in  diameter. 

No.  5  had  two  broader  cylindrical  bands  0.5  inch  wide,  8.14  inches  in 
diameter. 

The  bands  were  generally  inserted  in  under-cut  grooves  0.15  inch 
deep,  but  in  one  or  more  projectiles  of  each  lot  the  grooves  were  0.10 
inch  deep. 

The  trial  of  these  projectiles  began  April  1,  1885.  One  of  each  lot, 
with  a  shallow  groove,  was  fired  into  the  sand  butt.  The  position  of 
the  band  on  the  projectile  was  marked  before  firing,  so  that  if  during 
firing  any  slipping  should  t^ke  place  it  could  be  observed.  The  projec- 
tiles were  recovered  from  the  butt,  and  it  was  apparent  that  the  bauds 
had  not  changed  their  position.  The  remainder  of  the  shot  were  fired  for 
accuracy,  and  the  results  are  given  in  the  inclosed  target  record.  The 
results  with  No.  1  and  No.  2  are  invalidated  to  some  extent  by  the  very 
variable  velocities  and  pressures  given  by  the  powder  used.  An  exam- 
ination showed  that  some  of  the  powder  had  been  damaged  by  long  stor- 
age. Lots  3,  4,  and  5  were  fired  with  powder  obtained  by  mixing  the 
contents  of  seven  barrels  together,  and  the  results,  as  shown  by  compar- 
ing the  velocities  and  pressures,  were  more  uniform.  The  principal 
influence  of  variations  in  velocity  would  be  upon  the  mean  vertical  de- 

95 


96  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

viation  fromthe  center  of  impact,  and,  leaving  this  oat  of  consideration, 
the  record  shows  that  the  projectiles  marked  No.  4  and  No.  5  were  the 
best. 

Of  these  two  the  mean  horizontal  and  mean  absolute  deviations  were 
less  for  No.  5  than  for  No.  4.     On  the  other  hand,  with  the  same  angle 
of  elevation,  2^  25^  the  center  of  impact  was  about  7  feet  below  the  point 
aimed  at  with  No.  5,  while  it  was  6  inches  below  for  No.  4 ;  and  although 
the  bands  of  No.  5  were  broader,  and  more  resistance  might  have  been 
expected,  the  mean  pressures  and  velocities  were : 
For  No.  5,  mean  velocity  1,501)  feet,  mean  pressure  30,537  pounds. 
For  No.  4,  mean  velocity  1,525  feet,  mean  pressure  31,600  pounds. 
This  accounts  for  the  fact  that  the  center  of  impact  was  higher  for 
No.  4  than  for  No.  5. 

As,  however,  the  mean  horizontal  and  mean  absolute  deviation  were 
less  for  No.  5  than  for  No.  4  the  Board  would  state  that,  from  the  lim- 
ited experiments  carried  on  so  far,  it  has  come  to  the  conclwnon  that 
the  projectile  marked  No.  5  is  superior  to  the  others^  and  that  the  shal- 
low groove  prevents  the  band  from  slipping  as  well  as  the  deeper  one. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 


4025  OBD- 
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Record  of  firing  with  S-inch  breech-loading  chambered  rifle  No.  I, 


Powder. 


Projectile. 


9.  m,         "5?   ia 


s 


o 
I 


Time. 


KiucL 


P.  M.  —  Barometer, 
80.180;  thermom- 
eter, 57.9;  humid- 
ity, 42. 


A.M.  —  Barometer, 
80.379:   thermom- 
eter, 36.1;  hamid-'^ 
ity.  70. 


A.  M. —Barometer, 
29.009;  thermom- 
eter, 53.2;  humid- 
ity, 70. 


18 

14i 

I 

I 

15 
16 
17 
18 

19 
21 

22i 

I 

23I 
I 

I 
I 


Apr.  1 
Apr.  1 

Apr.  2 
Apr.  2 
Apr.  2 
Apr.  2 

Apr.  3 
Apr.  3 
Apr.  3 
Apr.  3 


;.  V.  F. 


p.  If.— Barometer, 
29.784;   thermom-. 
eter.  64.8;  humid-" 
ity,  64. 


20 
24 
25 
26 


Apr.  3 
Apr.  3 
Apr.  3 
Apr.  3 


27  Apr.  8 
28.  Apr.  3 
20|  Apr.  8 


I 

p 

I 

s 


-8 
a 
« 


• 


I 

«i 

K 


a 
o 

Q 


^         Kind. 


•a 


Lb9 

I 
50  ! 

50> 

I 
60 

;  50 

I  I 

!  50 
50 

50 
50 
50  ! 
50 


a 

if ,  5 

9       to 
^   !  K 


K0.I 


Lbt  °  ' 
180     35 


No.  l.mod- 1  180     35 
itled. 


^1 

A.    P 


Lba. 
36,000 
32,050 


N0.2 180,    3530,700 

N0.3 181'    3531,050 

N0.4 181;    8532.000 


No.  5. 

N0.I. 
N0.I. 
N0.I. 
N0.I 


183     35  84,800 


181 
180 


JS  0 
^g   > 

^  a 
5|  ■ 


*•  5 

^3  !  « 


I 
1,503   4.67. 

1,523,  4.88; 

'  I 

!      i 

Loet.'  4.16 


e 
a? 


"S 


2  30  321 750 
2  25  32,200* 


1.528 
1,583 
1,534 

1.638 
1,537 


4.25 
4.27 
4.16 

4.67. 
4.42* 


1802  25  28,800 

I        '  i 

180  2  25=27, 050 

I      i 


I 


1,4001  4.25; 
I 
1,480   4.251 


50 
50 
50 
50 


No.  1,  mod- 
ified. 

No.  1, mod- 
ified. 

No.  l.mod-  j 
ifled. 

No.  1,  mod- 
ified. 


181 2  25 

1812  25 

t 

1812  25 
181|2  25 


Hi 
a 

18 

21 

16 

^22u 

I    I 


33,500   1,534|  4.58 
30,125  1,503   4.33.J 
32, 450   1, 514   4. 33  1 

31,000   1,513   4.25 

I 

I 


50 
60 
50 


.1. 


N0.2 1802  15 

No.  2 1812  25 


No.  2 181 2  26!32, 100.  1.517 

22,800!  1,813 
20,000   1,271 


o 

CO 

X 
rs 

>! 

I 


18 
20 
25 
27 


4.25 

I 

8.75 
8. 62  J 


S  28 
8 
^  30 

30 


% 

9 
I 

5! 

s 


KEPOBT    OF    THE   CHIEF   OF   ORDNANCE. 


99 


<t  Sndg  Hook,  iV.  /.,  /rmn  April  1  to  April  7, 1885. 


DlilHMe  from  oenter  of  taiget, 
infoet 


VwlkaL 


Ahatt. 


Below. 


IHvtaiice  from  center  of  impaot, 
in  feet 


Hbrisontal. 


Kight 


Vertloel. 


Horizontal. 


Left. 


Above. 


Below. 


Bight. 


Left. 


Special  remarks  abont  each  lire. 
BDoh  aa  effect  on  piece,  sound  of 
projectile  in  flight,  scattering  of 
fragments,  &c. 


^FtititatOMuidbatt. 


Mean  vertical  dexlation  tnai  cen- 
ter of  impact,  (y. 

Mean  horuontal  deviation  fkom 
center  of  impact,  8'.50. 

Mean  deviation  fh>m  center  of  im- 
pact, 6'.95. 


'***=*»     i00H.4=l.OO 


12.  52-«-4=8. 18      81.00-4-4=6.25 


8^ 


I 


Mean  vertical  deviatioa 
(hmi  center  of  Impact,  y.18. 

Mean  horiaontsl  deviation 
ttom  center  of  impact,  4'.25. 

Mean  deviation  from  center 
of  impact,  6^.28. 
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Becord  of  firing  tcith  8-tnofc  hreech-hading  chambered  rifie  No.  I,  at 


o 
>e5 


Time. 


30  Apr.  7 


Powder. 


Kind. 


31  Apr.  7 

32  Apr.  7 
,  33;  Apr.  7 

34  Apr.  7 


P.  M.— BArometer, 
30.256;  thermom- 
eter, 49.5 ;  humid- 
ity, 68. 


85  Apr.  7 

I 
36i  Apr.  7 

I 
371  Apr.  7 

38!  Apr.  7 


'  I 


391  Apr.  7 


40 

!  41 
I 
42 

i 


Apr.  7 
Apr.  7 
Apr.  7 


a 

o 

eB 


a 


> 

Q 

& 

flB 
H 
O 

ua 

§ 
flu 

9 


Prcijectile. 


No.  2. 


4i 


a       e  o 

Jg  I  s| 


■ 

a 
o 
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Sandy  Sack,  K.  J. f  from  April  1  to  April  7,  1885 — Continued. 
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C.     F.    WIN8LOWS    NITRO-GLYCERINE    SHELLS,     BY    THE    ORDNANCE 

BOARD, 

(1  plate.) 

The  Chief  of  Ordnance,  in  a  letter  dated  January  8, 1885,  stated  that 
Mr.  O.  P.  Winslow,  the  inventor  of  a  nitroglycerine  shell,  woald  call  upon 
the  Board  and  explain  the  device.  The  letter  further  authorized  the 
Board,  if  it  deemed  the  plan  feasible,  to  order  a  few  shells  at  the  ex- 
pense of  the  Department.  After  examination  it  was  concluded  that 
the  invention  possessed  suiBcient  merit  to  warrant  a  trial,  and  Mr. 
Winslow  was  requested  to  have  four  shells  made. 

The  projectile  (see  plate)  is  formed,  like  a  Butler  shell,  with  an  ap- 
pendage resembling  a  cascabel.  The  neck  of  the  appendage,  to  which 
a  wrench  is  fitted,  is  hexagonal.  The  part  corresponding  to  the  knob  is 
a  cylinder  terminating  in  a  spherical  segment.  The  projectile  is  divided 
into  two  sections.  The  anterior  part  is  a  cylinder  with  an  ogival  head 
and  contains  a  cavity  in  which  the  ingredients  to  produce  an  explosive 
compound  are  contained.  This  section  terminates  at  the  rear  end  in  a 
screwed  tenon,  by  means  of  which  it  is  fastened  to  the  rear  section. 
The  rear  section  is  provided  with  a  cavity  intended  to  receive  a  cast- 
iron  plunger  and  a  charge  of  rifle-powder.  !Near  the  base  of  the  pro- 
jectile is  a  circumferential  groove  in  which  time-fuze  composition  is 
driven.  This  groove  is  connected  with  the  rifle-powder  in  rear  of  the 
plunger.  An  axial  chamber  is  bored  in  the  plunger  and  contains  a 
small  charge  of  rifle-powder.  The  rear  of  this  chamber  is  closed  by  a 
screw-plug  containing  a  vent  filled  with  slow-burning  composition. 

The  materials  used  for  producing  an  explosive  compound  are  glycer- 
ine and  concentrated  nitric  and  sulphuric  acids.  One-half  quart  of 
sulphuric  acid  and  three  quarts  of  glycerine  were  mixed  in  one  vessel 
and  one  and  one-half  quarts  of  sulphuric  end  two  quarts  of  nitric  acid 
were  mixed  in  another.  A  portion  of  the  first  mixture  was  placed  in  a 
large  glass  jar,  while  a  small  jar  placed  within  the  first  was  filled  with 
a  portion  of  the  second  mixture.  The  liquid  contents  of  the  inner  jar, 
and  of  the  outer  jar  when  the  inner  one  is  inserted,  are  equal  in  quan- 
tity, hence  the  proportions  of  the  liquids  are,  sulphuric  acid,  2 ;  nitric 
acid,  2,  and  glycerine,  3.  The  usual  proportions,  when  nitro-glycerine  is 
manufactured  by  the  ordinary  processes,  are  about  as  follows :  Sulphuric 
acid,  6 ;  nitric  acid,  3;  glycerine,  1. 

The  jars  are  fastened  together  by  screw-Caps  and  are  placed  within 
a  tin  cylinder,  open  at  both  ends,  which  fits  the  shell  cavity.  Stout 
cross-bars  traverse  the  open  ends  of  the  cylinder  and  the  exterior  glass 
vessel  is  fiistened  to  the  bars  by  strong  bands,  which,  aided  by  rubber 
straps,  are  designed  to  prevent  the  rupture  of  the  jars  when  the  piece  is 
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GARKJCK'S  MOBTAR  AND  PROJECTILE  FOR  HIGH  EXPLOSIVES, 

BY  THE  ORDNANCE  BOARD. 

A  letter  from  the  Chief  of  Ordnance  dated  May  23,  1885,  directed  tbe 
Ordnance  Board  to  try  Mr.  Garrick's  new  mortar  and  shell  at  as  early 
a  date  as  practicable,  and  report  the  result. 

On  May  26  Mr.  Garrick  delivered  the  letter  in  person  and  explained 
bis  device  for  firing  gun-cotton.  Atlas  powder,  dynamite,  blasting-gela- 
tine, nitro-glycerine,  singly  or  combined,  and  requested  that  if  there 
was  any  substance  procurable  which  was  a  more  violent 'explosive  than 
those  above  mentioned,  he  might  be  supplied  with  it.  He  stated  th^t 
he  had  made  a  very  powerful  explosive  mixture  composed  of  nitro- 
glycerine and  charcoal  dust,  but  that  its  power  would  be  enhanced  by 
substituting  the  powdered  cinder  from  a  smith's  forge  for  the  charcoal. 

The  piece  was  a  cast-iron  toy  mortar  with  a  cylindrical  chamber,  a 
bore  2^  inches  long  and  2  inches  in  diameter.  With  it's  bed  it  weighed 
8.25  pounds.  The  teeth  of  a  wheel  fastened  to  the  left  trunnion  inter- 
meshed  with  those  of  two  small  pinions  fastened  to  the  mortar  bed,  one 
in  front  and  one  in  rear  of  the  trunnion  bed.  In  the  face  of  each  pinion 
a  slot  was  cut,  into  which  the  end  of  a  strong  lever  could  be  inserted. 
Movement  of  the  lever  caused  rotation  of  the  pinion,  and  in  accordance 
with  the  direction  of  this  rotation  the  piece  was  elevated  or  depressed. 
A  gripper  fastened  to  the  right  side  of  the  mortar  bed  could  be  closed 
by  a  lever,  and  when  closed  held  the  right  trunnion  firmly,  preventing 
any  change  in  theelevation  of  the  mortar  until  the  trunnion  was  released. 

The  projectile  was  composed  of  an  outer  shell  with  a  hemispherical 
bottom,  cylindrical  sides,  and  a  flanged  mouth,  the  flange  being  wide 
enough  to  project  slightly  over  the  outside  of  the  mortar  when  the 
shell  was  in  place.  A  transom  was  bolted  to  the  flange,  and  supported 
an  inner  spherical  shell  intended  to  contain  the  bursting  charge.  A 
tube  screwed  into  the  shell  passed  through  the  transom  and  was  so 
arranged  that  a  copper  cartridge  could  be  inserted  and  exploded  by 
percussion  or  by  a  piece  of  quick-match.  The  inventor  stated  that 
tbe  flange,  by  presenting  a  large  surface  for  the  action  of  the  powder 
gases,  would  greatly  increase  the  range,  and  that,  furthermore,  it  would 
divert  tbe  inflamed  gases  and  prevent  Che  ignition  of  the  fuze  or  the 
high  explosive  placed  in  the  inner  shell.  The  outer  shell  could  be  filled 
with  water,  which  would  diminish  the  shock  of  firing  upon  the  bursting 
charge.  The  inventor  further  requested  that  cylindroconoidal  shells, 
charged  with  gun-cotton  and  his  mixture  of  nitr6  glycerine  and  charcoal 
dost,  might  be  fired  from  a  musket  barrel  provided  by  him  5  which  re- 
quest tbe  Board  acceded  to. 

The  trial  began  May  28, 1885,  and  the  results  are  shown  in  the  in- 
closed firing  record. 
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The  conclusion  of  the  Board  is  that  any  high  explosive  in  the  market 
conld  be  fired  with  Mr.  Garrick's  small  mortar  and  shell }  that  where 
soch  small  firing  and  bursting  charge^  are  used  they  coald  be  fired 
from  his  mortar  with  an  ordinary  shell ;  that  Mr.  Garrick's  device  is 
absurd,  and  to  experiment  with  it  any  further  would  be  ridiculous. 
The  Board  deems  it  its  duty  to  remark  that  Mr.  Garrick's  ignorance  of 
explosives  and  his  carelessness  in  handling  them  are  such  that  he  should 
under  no  circumstances  be  permitted  to  experiment  further  at  the  prov- 
ing ground,  lest  he-.may  injure  the  Government  employ68  or  destroy 
Government  property. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board, 

GEO.  W.  MoKBE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance, 
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TRIAL  OF  SHELLS  CHARaED  WITH  EXPLOSIVE  GELATINE.    BYTHEORD 

NANCE  BOARD. 

(1  plate.) 

In  its  progress  report  on  explosive  gelatine  (Appendix  19,  Report  of 
the  Chief  of  Ordnance,  1884)  the  Ordnance  Board  stated  that  the  trials 
of  the  gelatine  in  8-inch  cast-iron  screw  shells  ^^  were  sufficiently  success- 
ful to  warrant  the  Board  in  suggesting  six  steel  shells  to  be  made." 
The  suggestion  having  been  approved,  the  sh^ls  were  made  at  the  Mid- 
vale  Steel  Works,  and  afterward  machined  at  Sand^^  Hook  and  the 
West  Point  Foundry.  Three  of  them  were  cast,  and  three  forged.  The 
ultimate  tenacity  of  the  cast  was  122,398  pounds,  and  of  the  forged 
160,066  pounds  per  square  inch,  respectively.  The  interior  cavity  was 
the  same  for  all,  being  a  cylinder  terminated  ogivally  (as  shown  in 
l)late).  it  being  believed  that  this  shape  would  give  greater  strength 
and  penetration  to  the  shells.  The  shells  opened  at  the  rear,  and  were 
-closed  by  a  base-screw. 

In  order  to  test  the  working  of  the  projectiles  as  regards  flight  and 
penetration,  one  forged  shell  was  fired  with  a  charge  of  36  pounds  of 
B.  V.  M.  powder,  this  being  the  reduced  charge  for  304J  feet  a«  com- 
pared with  40  pounds  at  1,000  yards.  The  shell  was  filled  with  sea  sand, 
and  upon  being  fired  failed  to  take  the  grooves;  struck  the  iron  target 
sidewise  and  broke  up.  It  was  then  decided  to  fire  another  forged  shell 
filled  with  sand,  using  40  pounds  of  powder  (E.  V.  M.).  This  shell  struck 
the  target,  point  on,x>enetrated  9J  inches,  aud  rebounded  about  12  feet. 
It  was  distorted  but  slightly  (being  bulged  out  circumferentially  near 
junction  of  cylider  and  ogival  head),  and,  with  slight  turning,  could  be 
used  again.  On  taking  out  the  base-screw  the  contained  sand  was  found 
to  be  triturated  by  the  shock  into  a  powder  as  impalpable  as  ordinary 
wheat  flour.     No  powder-gas  had  entered. 

The  third  forged  shell  was  then  loaded  with  five  pounds  of  gelatine — 
all  it  could  contain.  It  was  fitted  with  a  copper  diaphragm,  two  plates 
at  right  angles,  previously  described.  A  small  amount  of  cotton  waste 
was  )>laced  in  front  and  rear  of  the  gelatine.  The  latter  was  packed  in 
tightly. 

The  gelatine  was  from  the  same  lot  hitherto  used  at  Sandy  Hook,  and 
had  been  on  hand  for  16  months.  Bo  far  as  could  be  observed  it  had 
undergone  no  change  whatever.  Two  of  the  cartridges  appeared  to  the 
touch  slightly  softer  than  the  others,  but  it  is  believed  they  were  as 
sound  as  the  rest. 

The  base  screw  had  its  thread  well  covered  with  red  lead  paint  before 
being  securely  screwed  in  with  a  lever,  and  there  seems  to  be  no  possi- 
bility' of  any  gas  having  entered  the  shell. 
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The  8-inch  matilated  gun,  previously  used  in  these  experiments,  hav- 
ing been  charged  with  40  pounds  E.  Y.  M.  powder  and  the  gelatine 
shell,  was  fired  and  burst  explosively  with  great  violence. 

Whether  or  not  this  gelatine  had  undergone  any  change  since  the 
previous  trials  with  it  is,  of  course,  unknown  to  the  Board  j  but  even 
if  such  should  prove  to  be  the  case,  the  want  of  uniformity  in  its  action, 
as  evinced  by  this  explosion,  warrants  the  Board  in  recommending  no 
further  trials  with  it  under  its  present  form.  Possibly  when  camphor- 
ated by  competent  manufacturers  this  explosive  may  be  made  uniform 
in  its  action. 

T.  G.  BAYLOE, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  MoKEB, 

Major  of  Ordnance. 
OHARLBS  SHALER, 

Captain  of  Ordnance. 
4625  ORD 8 


EEPOBT   OP   THE   CHIEF   OF    OHDNANCE. 


1 

if 

1 

■s 

lilUfili  l:?^P«ii||!    IP 

lliiiili  ii-i|  !l#  i^.ii 

Hill  liil  11 1  lifii  m 
liiiJiliK!  Ill  |p 

■nna  muj  jBsj  ttoG  jnm              ■nnBiuovia»jij(i»imi»FPl»' 

■opnoojip 

■jnon  oi                                      -jooqmianin 
""n^IS    -oB  iqan  pM  jaau  Bioij   g    -gcf  IqMp  pn  »u  moij 

s^,ss^ 

1     i                     1                    i 

^,€5S. 

i           i          i 

-Donuais 

o            "                                                 "                                             " 

1 
1 

-iqSpjt 

i    -  i-                  i  i  i          ■  i   i  i  : 

a   s"s       '       rs          »  -i- 

1 

hi 

if 

i  li 

il     hi 

i  i. 

. 

■|q"p>Jl 

^s 

1 

1 

^1                 1               1 

■WB/OMqoniH 

s                s               s 

ill! 

fit 

APPEIifDIX     18. 


TBIAL  OF  THE  GABDNER  MACHINE  GUNS,  ONE,  TWO,  AND  FIVE  BAS- 

BEL.    BY  THE  ORDNANCE  BOARD, 

(4  plates.) 

The  Cbief  of  Ordnance,  in  an  indorsement  dated  December  8, 1884, 
on  Ordnance  Office  file  No.  6603  of  1884,  directed  the  Board  to  test 
any  of  the  gnus  of  the  Gardner  Gun  Company,  of  Cleveland,  Ohio, 
i^hich  might  be  presented  for  trial. 

The  guns,  three  in  number,  were  of  the  one,  two,  and  five  barrel  pat- 
terns. As  certain  changes,  hereinafter  referred  to,  will  have  to  be 
made  in  these  gnus  before  they  can  be  considered  as  tested  under  serv- 
iee  conditions,  the  Board  submits,  instead  of  the  usual  drawings  and 
descriptions,  an  illustrated  pamphlet  issued  by  the  Gardner  Gun  Com- 
pany. This  pamphlet  was  inclosure  No.  1  of  Ordnance  Office  file  No. 
6603  of  1884,  is  hereunto  appended,  and  marked  A. 

The  experiments  began  May  28, 1885,  by  the  firing  of  the  one-barrel 
gnn,  which  was  followed  on  the  same  day  by  that  of  the  two  and  five 
barrel  guns.    Owing  to  the  form  of  chamber  it  was  necessary  to  use 
Winchester  ammunition  with  the  405-grain  bullet.    The  service  ammu- 
nition carries  the  500-grain  bullet,  which  could  not  be  fired  from  the 
^n  as  at  first  presented,  and  it  was  concluded,  after  correspondence 
with  the  Chief  of  Ordnance,  to  request  the  Gardner  Gun  Company  to 
modify  the  two  and  five  barrel  guns  so  that  they  would  receive  the 
service  ammunition.    This  request  was  acceded  to;   the  guns  were 
removed  for  alteration.    It  was  not  considered  desirable  to  test  the 
one-barrel  gun,  as  in  the  opinion  of  the  Board  there  does  not  at  present 
exist  any  reason  for  its  adoption  in  our  service. 
The  gQDB,  after  modification,  were  received  back,  and  a  second  series 
f^*^  commenced  on  July  24, 1885. 
The  following  programme  for  the  trial  was  adopted : 
0)  Dismonnt  the  gnn,  separating  it  into  its  elementary  parts,  and 
**®JJ»ble  it.    This  to  be  don©  by  an  expert,  and  time  noted. 

(2)  Pire  deliberately  600  rounds  into  a  sand  butt,  determining  veloci- 
ties and  action  of  the  gun. 

y)  Sapidity  by  an  expert,  600  ronnds. 
\V  Sapidity  by  a  non- expert,  600  rounds. 

Accuracy  of  gnn  and  sights  at  various  distances : 
IS  600  at  600  yards ;  size  of  target  11  by  26  feet. 
W  600  at  1,000  yards  j  size  of  target  11  by  26  feet. 
Jj)  .500  at  1  mile ;  size  of  target  11  by  62  feet. 
^^18  programme  was  not  entirely  carried  out.    The  dismounting  and 
■*®^iabUBg  of  the  gnn  and  the  firing  at  3  -mile  range  were  omitted.    ;"• 
^*.^1  be  observed  from  the  firing  records  of  July  24  and  26  (which 
•re  inclosed)  that  the  number  of  misfires  with  the  service  ammunition 
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was  very  great,  and  that  tbe  cartridges  which  failed  in  the  machine 
guns  all  exploded  subsequently  when  tried  in  the  Springfield  rifle. 
The  fault  is  not  therefore  attributable  to  the  ammunition,  and  must  be 
due  either  to  weakness  in  the  firing-spring  or  to  the  fact  that  the  firing- 
pin  is  too  short.  In  the  opinion  of  the  Board,  the  latter  is  most  prob- 
ably the  cause. 

The  long  feed-guide  peculiar  to  the  two-barrel  gun  required  that  the 
ordinary  package  containing  twenty  cartridges  should  be  broken  open, 
that  the  cartridges  should  be  removed,  and  that  they  should  be  re- 
packed into  a  feed-case.    The  violent  vibration  of  the  feed-guide,  due 
to  the  firing  of  the  gun,  makes  it  very  difficult  for  an  inexperienced 
man  to  feed  the  cartridges  from  the  case.    These  defects  do  not  exist 
in  the  Pratt  &  Whitney  gun,  and  it  is  thought  that  if  practicable  they 
should  be  remedied,  as  repacking  the  cartridges  should  be  made  aa 
simple  as  possible,  and  a  shorter  guide  would  diminish  the  vibration. 
pf  The  guide  is  much  shorter  in  the  five-barrel  gun,  and  of  course  with  it 
the  repacking  of  the  cartridges  is  a  necessity.    These  guns,  further- 
more, are  mounted  on  tripods,  a  form  of  mounting  that  will  only  be 
used  in  permanent  works.    Other  machine  guns  intended  to  re  enforce 
infantry  fire  heretofore  tested  at  Sandy  Hook  have  been  furnished 
with  suitable  carriages,  and  they  should  be  tested  in  connection  with 
the  gun. 

Except  for  the  failures  to  explode  the  cartridges,  the  mechanism  of 
the  guns  worked  very  satisfactorily.  The  target  record  during  delib- 
erate firing  was  very  good.  The  vibration  of  the  stands  during  rapid 
firing  caused  the  guns  to  change  direction. 

In  conclusion,  the  Board  would  state  that  owing  to  defects  in  the 
locks,  which  can  be  remedied,  to  the  length  of  the  feed-guide,  which  can 
be  modified,  and  to  vibrations  in  the  mounting,  which  should  be  changed 
for  a  more  suitable  one,  it  is  not  considered  that  these  guns  have  as  yet 
been  given  a  fair  service  test ;  and,  further,  unless  these  changes  are 
made,  it  is  not  considered  for  the  interest  of  the  Government  to  con- 
tinue the  tests  any  further. 

The  illustrated  pamphlet  above  referred  to,  the  complete  firing 
records,  and  the  plotted  targets  are  inclosed  herewith. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 

GEO.  W.  MoKEE, 

Mmor  of  Ordnance. 
CHARLES  SHALER, 
Captain  of  Ordnance. 
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O^'.iS,  at  Sandy  Hook,  N.  J.,  from  May  28  to  July  25,  1885. 


Spedal  remAtkB  Al>oiit  eAoh  Are,  enob  as  effect  on  piece,  aonnd  of  projectile  in  flight,  scattering  of 

ihigments,  ^ko. 


Iiooks  were  removed  by  representative  of  the  company  in  20  seconds;  and  with  the  assistance  of  Mr. 

Sinclair  the  remaining  working  parts  were  removed.     The  parts  were  then  assembled  by  both  of 

tiiem  in  •  minates  40  seconds. 
Fired  deliberately  into  bntt :  8  cartridges  were  ejected  nnexploded.  two  of  which  were  fired  at  the 

second  attempt;   the  third   failing  again,   bnt  beinff  subsequently  fired   in  a  Springfield  rifle. 

There  was  a  marked  vibration  to  firing  stand  during  firing. 
Too  long  to  be  fed  Arom  the  feed-case ;  the  cartridge  was  inserted  by  hand,  fired,  and  ejected,  bat 

a  second  one  Jammed  before  firing,  and  was  removed  with  difficulty. 

The  gnn  had  been  returaed  to  ClevelsDd  to  be  adapted  to  the  service  GOO-grain  ammunition.    No  feed* 
cases  for  this  ammunition  accompanied  the  gun  on  its  return. 


Fired  deliberately  into  sand  butt  by  representative  of  company ;  11  failed  to  explode ;  0  fired  on  sec- 
ond attempt. 
Fired  for  rapidity  into  saud  butt  by  representative  of  company ;  50  failed  to  explode;  29  fired  on  8eo> 

end  attempt.    Time,  1  minute  and  40)  seconds. 
Pired  for  rapidity  into  saud  bntt  by  representative  of  company.    After  4  rounds  had  been  fired  a  jam 

occurred,  whicn  necessitated  the  removal  of  the  upper  oaeiog  of  gun  and  a  cartridge  case.    Time, 

1  minute  65)  seconds;  47  failed  to  explode;  29  fired  on  secondattempt. 

Sighting  shots  at  600-yard  target 

(Fired  in  lots  of  60 each.)    Fired  at  500-yard  target;  400  hits  on  target;  37  failed  to  explode,  13 of 
which  fired  on  second  attempt,  and  the  remainder  from  a  Springfield  rifle. 

flighting  shots  at  1,000-yard  target. 

(Fired  in  lots  of  60  each.)    Fired  at  1,000-yard  target;  290  hits  on  target;  40  failed  to  explode,  19  of 

which  fired  on  second  attempt,  and  the  remainder  from  a  Springfield  rifle. 
Occasional,  but  slight,  changes  in  aim  occurred  during  deliberate  firing,  but  in  rapid  firing  the  changes 

were  very  great. 
The  feed-cases  not  being  adapted  to  the  500-grain  bullet,  the  vibration  of  the  gun  was  such  during 

rapid  firing  that  some  of  the  cartridges  were  dropped  in  feeding,  which  at  best  was  a  difficult  opera* 

tion. 
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0".45,  ol  Sandy  Mook,  N.  J,,  from  May  28  to  July  25, 1885. 


9f¥M  mu*k»  mhaat  eaoih  flra,  auob  as  effect  on  piece,  aonnd  of  projectile  in  flight,  scattering  of 

fragments,  ico. 


Loeb  vereTemoved  by  repreeentatiTe  of  the  company  in  29  seconds;  and  with  the  assistance  of  Mr. 

Sbdiir  the  Temainiiifi;  -vrorking  parts  were  removed.     The  parts  were  then  assembled  by  both  of 

then  is  9  minntee  40  aeconds. 
fired  deliberately  into  butt ;  3  cartridges  were  ejected  nnexploded.  two  of  which  were  fired  at  the 

•eeond  attempt;    the  third    faUini^  again,  bnt  being  subsequently  fired  in  a  Springfield  rifle. 

niere  VM  a  marked  vibration  to  firing  stand  dnring  flnng. 
looloDKto  be  fed  from  the  feed-case:  the  cartridge  was  inserted  by  hand,  fired,  and  ejected,  bat 

a  Mcond  one  jammed  before  firing,  and  was  removed  with  difilcolty. 

n«  gim  had  been  returned  to  Cleveland  to  be  adapted  to  the  service  liOO-^;Ttdn  ammnnition.    No  feed< 
caiM  for  this  ammnnition  accompanied  the  gnn  on  Its  retnm. 


Find  deliberately  into  sand  battby  representative  of  company;  11  failed  to  explode;  6  fired  on  sec- 
ond attempt. 

Find  for  rapidity  into  sand  butt  by  representative  of  company;  50  failed  to  explode;  29  fired  on  seo- 
«Bd  attempt.    Time,  1  minute  and  40)  seconds. 


S{ghtiBg  shots  at  500-yard  target. 

(Find  in  lots  of  50  each.)    Fired  at  600-yard  target;  400  bits  on  target;  37  failed  to  explode,  13  of 
which  fired  on  second  attempt,  and  the  remainder  from  a  Springfield  rifle. 

fightiiig  ahots  at  1,000-yard  target. 

(FIrad  in  lots  of  50  each.)     Fired  at  1,000-yard  target;  296  hits  on  target;  40  failed  to  explode,  10  of 

vhieh  fired  on  second  attempt,  and  the  remainder  from  a  Springfield  rifle. 
Owaaiomi,  bot  slight,  changes  in  aim  occurred  daring  deliberate  firing,  but  in  rapid  firing  the  changes 

Tbe  feed-eases  not  bein|;  adapted  to  the  500-grain  ballet,  the  vibration  of  the  gan  was  snch  daring 
>*pU  firing  that  some  ox  the  cartridges  were  dropped  in  feeding,  which  at  best  was  a  difficult  opera- 
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PBELIMIXART    TEFAL    OF   THE   Vl-INCH    MUZZLE  -  LOADING    RIFLED 

MORTAR,    BY  THE  ORDNANCE  BOARD. 

(1  plate.) 

Oq  December  3, 1884,  the  following  cominanication,  addressed  by  the 
GLief  of  Ordnance  to  the  commanding  officer,  ]^ew  York  arsenal,  was 
lefened  to  the  Ordnance  Board: 

Cftptain  Lyle  reports  having  applied  for  transportation  of  the  12-inch  mnzzle-load- 
ing  rifled  mortar  to  Sandy  Hook.    When  the  morbar  is  received|  it  is  requested  that 
it  may  be  mounted  on  its  carriage  and  pat  in  readiness  for  trial.    Before  being  tamed 
over  to  the  Board  for  Testing  Gans,  you  will  please  have  it  fired  to  the  extent  of  the 
rnunber  of  projectiles  that  have  been* furnished  you.    The  object  of  these  preliminary 
foings  is  to  determine  upon  a  suitable  powder  for  the  piece,  to  ascertain  if  the  dimen- 
■ionsof  the  sabot  are  suitable,  and  if  the  thickness  of  the  wall  of  the  shell  is  suffi- 
cient, and  incidentally  to  test  the  general  working  of  the  carriage.    The  maximum 
charge  ^11  be  provisionally  52  pounds,  and  the  shell  will  be  ballasted  by  filling  with 
sand  or  other  material,  to  brine  up  the  weight  to  610  pounds. 

Under  these  conditions  it  is  desired  to  obtain  a  muzzle  velocity  of  975  feet,  without 
axeeedlng  a  pressure  of  12  tons  per  square  inch  in  the  bore.  To  test  the  sabot  fully, 
chargea  giving  velocities  of  about  525  feet,  or  at  least  675  feet,  should  be  tried,  using  a 
qnicker  DDming  powder  if  necessary.  It  may  be  possible,  and  it  is  certainly  very 
mirable,  that  the  different  velocities  be  all  obtained  with  the  same  kind  of  powder, 
hy  using  for  the  lower  velocities  a  relatively  larger  charge  than  with  the  quicker 
powder.  The  limited  number  of  rounds — 15 — now  to  be  fired  may^ however,  preclude 
the  determination  of  this  question  at  present. 

•  •••••• 

The  mortar  which  it  is  assamed  has  been  described  by  the  inspect- 
ing oflScer  at  South  Boston  Foundry  was  not  received  until  March  12, 
1885.  ' 

The  projectiles  were  all  supplied  with  the  Eureka  sabot  (see  Plate  I). 
By  changing  the  radius  of  the  curved  part  of  the  posterior  face  of  the 
sabot  its  sensitiveness  may  be  varied. 

The  powder  for  the  trials  was  the  subject  of  experiment,  as  it  was 
desirable  to  obtain  such  a  mixture  as  would  give  the  projectile  a  regu- 
lar motion  when  fired  with  charges  of  about  25  pounds,  and  would 
^hen  used  in  50-pound  charges  not  exceed  the  prescribed  maximum 
pi^ssures. 

If  no  single  powder  could  be  obtained  suitable  for  firing  full  and 
diminished  charges,  then  two  diflerent  kinds  would  have  to  be 
adopted. 

^be  experiments  were  commenced  on  March  19, 1885,  and  are  de- 
^©d  in  the  accompanying  firing  record.  The  rounds  from  1  to  14 
were  ftred  with  various  powders  on  hand  at  the  proving  ground,  with 
*  View  to  ascertaining  what  quality  of  powder  would  be  desirable  for 
^  endurance  test  of  the  piece.  As  a  result,  it  was  determined  that 
•^^  kinds  of  hexagonal  powder,  M.W.  (density  1.725,  granulation  72) 
*^^  M.V.  (density  1.700,  granulation  72),  should  be  asked  for.    The 
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latter  was  to  be  used  for  reduced  charges  only.  The  M.W.  powder,  the 
denser  of  the  two,  it  was  supposed  might  answer  for  reduced  charges 
and  maximum  charges  of  48  pounds.  All  the  shots  fired  with  48-pound 
charges  of  M.W.  powder  gave  good  results.  The  mean  pressure  of 
three  rounds  was  30,660  pounds;  the  velocity  at  90  feet  from  the 
muzzle  was  970  feet. 

All  the  shots  fired  with  25-pound  charges  of  M.W.  powder  gave 
good  results;  but  when  a  charge  of  26  pounds  [round  33]  was  fired  the 
projectile  tumbled.  The  indications,  however,  were  that  with  a  suita- 
ble sabot  this  powder  might*  be  used  for  full  and  reduced  charges.  All 
the  shots  fired  with  25  pounds  of  M.Y.  powder  gave  good  results. 

The  mean  pressure  of  six  rounds  was  10,721  pounds ;  the  velocity 
was  646  feet  at  about  90  fee^from  the  muzzle.  Th|s  indicated  that,  if 
a  special  powder  was  required  for  reduced  jcharges,  the  M.Y.  type 
would  be  suitable. 

By  directions  of  the  Chief  of  Ordnance,  the  mortar  was,  on  July  9, 
1885,  turned  over  to  the  Testing  Board  convened  in  accordance  with 
the  act  of  Congress  approved  July  5, 1884. 

T.  G.  BAYLOR, 
.Colonel  of  Ordnance^  President  of  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHAELES  8HALER, 

Captain  of  Ordnance. 
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Record  of  firing  with  12-iiicA  muzzle-loading  rified  moriar 


Powder. 

Projectile. 

§ 

§. 

^ 

^t^ 

0  N 

S 

..Ste 

►  s 

O 

1 

a 

Time. 

Kind. 

•a 

1^ 

Kind. 

4I 

• 

1 

Pressure  pe 

inch  of  I 

(Crush) 

Instrumental 

1 

1 

FmL 

1885. 

1 

^Lhs 

Lbs 

FmL 

P.  M.— >Barometer,  ) 

1 

£m  •»•  "^ 

T^Am  tliAn 

29.726;  thermom-  I 
eter,  26:   humid-  f 

1 

Mar.  19 

"5  •I  ..^ 

25 

Eureka  shell. 

572 

—20' 

18.000 

690.5 

5.87 

ity,  78.                   J 

1 

<2«i§ 

s 

d^"'-5 

I  fi               J 

^        1       •    •*             \ 

pCt**     .»H 

•3  ^-^ 

Less  than 

' 

2 

Mar.  20 

■ 

I  Q             J 

&W      a 

25 

Eureka  shell. 

610 

—15' 

18,000 
Bodman 

568 

5.46 

A.  M.— Barometer, 

•3  K2 

gauge. 

29.691 ;  hnniidity,  <{ 

3 

Mar.  20 

25 

Eureka  shell. 

610 

—10' 

6,000 

500 

6.00 

66 ;  thermometer, 
14.8. 

■**  0     .3 
nil 

r  fl^^i    1 

I 

4 

Mar.  20 

1 0        J 

26 

Eureka  shell. 

610 

-lO* 

11,260 

647 

6.83 

Swis 

f 

6 

Kar.20 

>a  Font's 
hexagonal 
DensitT 
granulatic 

25 

Eureka  shell. 

610 

—10' 

7,000 

553 

6.85 

P.  IL— Barometer, 

I  R             J 

29.7T8|  thermom- 

' 

nt's  hexagon- 
L     Density, 
;  granulation. 

eter,  18.9;  humid- < 

6 

Mar.  20 

85 

Eureka  shell. 

610 

—10* 

21,600 

812 

6.28 

t 

e 

7 

Mar.  20 

40 

Eureka  shell. 

610 

-10* 

24,600 

874 

6.83 
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tl  SoMdjf  Hook,  K  J,,  from  March  19  to  June  26,  1885. 


■0 

a 

a 


u 
9 

9 
I 

1 
S 

0* 

6 

a 

a 


>;. 


9 


I 


StttrgMtged: 
Fired  into  sand  butt    Fifteen  gallona  oil 
in  cylinder. 


Fired  into  sand  butt.    Sixteen  gallons  oil 
in  oylinder.  # 


Fixed  into  Mad  bntt 


Fired  into  land  butt 


Fired  into  aand  butt 


Fixed  Into  aand  bntt 


Sabot  reoovered  with  marks  of 
rifling  well  defined.  Shell  left 
the  sand  bntt  without  break- 
ing. 


Sabot  stripped  and  did  not  take 
grooves  welL 


Fixed  Into  sand  bntt   Hortaratar  gauged 
(two  warning  ehargea  fixed). 


Shell  recovered.    Sabot  did  not 
take  grooves  welL 


Sabot  recovered.    Showing  well- 
defined  marks  of  the  xiimig. 


Sabot  recovered.    Showizig  well 
defined  marks  of  the  xiiung. 


128  BEPOKT   OF  THE  CHIEP  OF  OBDNAlfCE- 

Seeord  of  firing  with  12-iiuA  miu»U-loading  HJltd  mttrtar  at  Sandj 


Powder. 

PrajectUe. 

1 

1 

1 

TteiB. 

Kioi. 

Kind. 

^ 

1 

1 

i 

i 

1 

1 

U8«. 

Ou 

Ui 

AM. 

AA 

\&k 

i  =1 

SO 

BonlLAihsll- 

010 

-w 

22.000 

SSI 

(.41 

r°^ 

iv« 

if 

a 

IIai.21 

EO 

Xnrakaihall. 

no 

—IV 

31,  TU 

BSl 

0.11 

• 

i 

w'-- 

10 

Uar.Sl 

ZS 

Xarekaihull. 

aio 

■■» 

10,000 

ILW 

HA 

11 

lfar.31 

a 

BoTskkilid]. 

010 

» 

10,  TM 

LM 

e^r 

•iH 

" 

HK,ai 

a 

Bankkahdl. 

•10 

w> 

SO.™ 

wv 

a.  OS 

11 

Apr.    I 

t,-;- 

92 

Bnnkftahsll. 

no 

w 

nwo 

0.20 

.^'■° 

eter.fi^.B;  humid- 

tl-^ 

ity,  «. 

" 

Apr.    1 

pi! 

80 

EankaaheU. 

no 

sw> 

«,m 

S.K 
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S9ok,K.  J,,  from  March  19  to  Jane  26,  1885— Continued. 


% 


b 
S 
0 

g 


GO 
M 

o" 

.a 

bC 
u 
■3 

a 
at 
h 
s 


e 

2 


Fired  into  sand  batt. 


Fired  into  aaad  butt. 


••3 

I 

In 


Good  flight 


Good  flight . 


To  sea.    Time  of  flight  7|  seconds. 


Good  flight 


IS 

at 


Good  flight 


Tumbled  ., 


To 


Time  of  flight  19|  seconds. 


To  sea.    Time  of  flight  28^  seconds. 


Fired  to  sea.    Time  of  flight,  28  seconds 


Fired  to  sea.    Time  of  flight,  18i  seconds. 


4625  ORD ^9 


Density  of  loading  for  25  pounds 

of  powder,  0.411. 
Density  of  loading  for  35  pounds 

of  powder,  0.575. 
Density  of  loading  for  40  pounds 

of  powder,  0.658. 
Density'  of  loadini;  for  50  poonds 

of  powder,  0.823. 
Density  of  loading  for  52  pounds 

of  powder,  0.856. 


Range  (yardt), 
7,084 

4,764 
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Beoard  of  firing  with  Ifl-inoh  muzMleloading  rifled  mortar  at  Samdjf 


A.  M. — Barometer, 
29.823 ;  thermom* 
eter,47.2;hamld- 
Ity,  68. 


P.  M.— Barometer, 
29.724:  thermom- 
eterf65.4;  hamid- 
ity,  43. 


o 
u 

9 

S 

d 


15 


16 


17 


18 


19 


20 


P.  M. — Barometer, 
29  959;  thermom-  << 
eter,  53.2;  humid 
Ity,  66. 


Powder. 


Kind. 


Apr.  30 


Apr.  30 


Apr.  30 


Apr.  80 
Apr.  80 
Apr.  30 


f  21    May    5 


.  22  ;  May    5 


A.  M.— Barometer, 
29.876;  thprmom-  ^ 
eter.  48.2;  humid- 
ity, 90. 


P.  M. — Barometer,  ' 
30.157;  thi»rmom 
eter,  54.1;  humid 
ity.  81. 


23  i  May    6 

24  May    6 

25  May    6 


f   f   ■ 

Md  9 

4  «  a 
.a     b« 


S-S,9 


& 


*  26   May  13 


A.  M.— Barometer, 
29.906:  thermom- 
eter. .'SO.  I;  humid- 
ity, 65. 


I 


27    May  14 


P.  M.— Barometer,  ' 
29  996:  thermom 
eter,  .'iO.l;  humid 
ity,  65. 


^28    May  14 


9 

Pc4 


*  o 

a| 

al 

O 

Ph 

P 
P 


p 

&^ 

«s  - 

O  • 

CM  P    . 

pQ^ 


00 

p 


«S 


-5.3 

a  ** 


o  g 
'?  ae 
o  ... 

S  QO 

^_: 

a 
o 

s 
P 


Lbs 


25 


25 


52 


25 
25 
25 


25 
25 

52 


Projectile. 


Kind. 


Eureka  shell 

(Dew). 


Eureka  shell 
(Dew). 


Lbs 


I 


610  —10' 


610  —  8' 


Eureka  shell  .  610  —  8' 
(Dew). 


Eureka  shell 
(new). 

Eareka  shell 
(now). 

Eureka  shell 
(new). 


Eureka  shell 
(new). 

Eureka  shell 
(new). 


p  p-^ 


610      60° 

t 

610;     60O 

I 
610      60O 


610 
610 


60O 
60° 


50  '  Eureka  shell 


I 


45 


(new). 


610 


—15 


/  ! 


Eureka  shell     610  —15' 
(new).  I 


26  '  Eureka  shell 
(now). 


>    20  :  Eureka  shell 
(new). 


26  ,  Eareka  shell 
I      (new). 

I 

1        I 


I 


oio;  —10' 


010 


730 


6io    730 


8,750 


10,750 


87,600 


Is 

o  p 

^  a 
sr 

IS 


FeeL 


FeeL 


617 


642 


9,975 


10,200 


10.650 


8,600 


8,500 


1,031 


Eureka  Ahell  1  610  —12'  |      83, 750 
(now). 


11 4' 8" 
from 
raaz. 
1,017 


32,000         991 


25,750 


926 


89^8" 
from 
muz. 


6, 650       591 


7,350 


9,600 


4.60 


4.50 


5.50 


1.50 


1.50 


1.50 


1.50 


5.50. 


5.42 


5.25 


4.58 


1.00 


0.83 
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Eotk,  K,  J.Jrom  Mareh  19  to  Jwne  26, 1885— Coutinaed. 


■9 

a 
« 

15 


^ 


Before  the  followiDi;  roand,  three  of 
the  foar  holes  in  piston-head  closed  ) 
and  two  others  bored  (15  gallons  oil 
in  cylinder} : 


Fired  into  sand  bntt 


I  Tired  into  sand  bntt. 


Fired  into  sand  bait 


a 
-0 

be  ■■ 

5*  a 
C  .* 


Good  flight .'  Fired  over  water.    Time  of  flight  lost. 


'  I  Good  flight .   Fired  over  water.  Time  of  flight,34}  seconds. 


m   1^ 

eti?: 

£^S 

u 

*  -0 


Good  flight . 


Good  flight 
Good  flight 


< 


J*; 

peg 


Fired  over  water.  Time  of  flight,  34^  seconds. 


Fired  over  water.  Time  of  flight,  33^  seconds. 
Fired  over  water.  Timeof  flight,  33|  seconds. 

Fired  into  sand.  bntt. 
Fired  into  sand  butt. 
Fired  into  sand  bntt. 

Gun  star  ganged. 
Fired  into  sand  bntt 


Marks  of  rifling  on  sabot  faiily 
well  defined. 


Marks  of  rifling  on  sabot  well 
defined. 


Bangs  (yards) . 
4,206 

4,261 

4,232L 


Sabot  recovered,  showing  marks 
of  rifling  fairly  well  defined. 


Good  flight 


Fired  over  water.  Time  of  flight,  37  seconds. 


\l' 


J 


Good  flight 


Flrsd  over  water.  Time  of  fliftht36  seconds. 


Hange  (yards). 
1,939 


1,852 
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Record  of  firing  with  12-inoA  mu^zUAoading  rifled  mortar  at  Sandjf 


P.  M. — ^Barometer, 
80.041;  thermom- 
eter, 67.8 ;  humid- 
ity, 60. 


A.  M.— Barometer, 
10.090;  thermom- 
eter, S5.2;  humid- 
ity, 72. 


s 

o 

s 

0 

'A 


29 


Time. 


1885. 
May  15 


Powder. 


Kind. 


30  May  15  ,  i 

31  May  15 


I  r 


;  32 1  May  29 

I      I 

'  83  '  May  89 


34 


35 


86 


87 


May  29 

May  29 
May  29 
May  29 


Projectile. 


Kind. 


I    • 
1^ 


Lbs 


26  :  Eareka  shell 
(new). 

Eareka  shell 
(new). 

Eareka  shell 
(new.) 


u 


88 


A.  M.— Barometer, 
80.184;  thermom- 
eter, 68.8;  hu- 
midity, 77. 


39 


40 


41 


42 


June  26 


June  26 


Jane  26 


June  26 


Jane  26 


26 
26 

47 
26 
21 

52 
26 
21  I 


1 

9 

h 


c 
M     . 


M 


-■{3 

el 


0 

ill 


L6«' 

I 

610 

I 

i 

610 

I 
I 

610 

I 

1 
610 

610 

•  610 


G>jG 


I 


25  ,  Eareka  shell 
(new). 

i- 

I 

25  I  Eareka  shell 
(new). 


610 
610 
610 


28° 
28° 
28© 
280 
28© 
28° 

280 
28"^ 
28° 


FmL  Fut 

3.75 


I 


6101   — «' 


I 


610 


48 


43  June  26 


44 


June  26 


Eureka  shell     610 
(new). 


25     Eureka  shell     610 
I      (new). 

25     Eureka  shell     610 
I      (new).  I 


48  :  Eureka  shell     610 
(new). 


48 


Eureka  shell 
(new). 


610 


280 


280 


280 


280 


26,500 


8,250 


7,000 


25,260 


6.000 


9  000 


90" 
from 
'  muz. 

9,600  'Lost. 


12.750     648 


3.92 


3.94 


4.75 


3.92 


3.67 


4.25 


3.67 


8.25 


31. 500     970 


4.50 


4.42 


6.33 


11,500 


11,250 


29,760 


30,760 


4.04 


4.16 


5.08 


&00 
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Hook,  N.  J.Jrm  March  19  to  June  26,  1885— ContiDued. 


S 


!5 

a 


si 


'  ^^  ]    Goodnight 

TO 


j 

8 


I 


^  Tmnbled  ... 

Good  flight 

Goodnight 

Tumbled  .. 

Tumbled  .. 


c1  > 

■3 

a 
< 

Q 


I 

e 


I    J 


h 
S 
0 
US 

•a 

« 
c 


-4 


Good  flight 
Tambled  ... 
Tumbled  ... 


Fired  over  water.  Time  of  flight,  17|  seconds. . 

Fired  over  water.  Time  of  flight,  161  seconds  . 

Fired  over  water.  Time  of  flight,  17^  seconds  . 

Fired  otqt  water.  Time  of  flight,  27i  seconds. 

Fired  over  water.  Time  of  flight,  17}  seconds. 

Fired  over  water.  Time  of  flight,  15  seconds. 

I        - 

•  Fired  over  w&ter.  Time  of  flight-,  27}  seconds. 

Fired  over  water.  Time  of  flight,  16  seconds. 

Fired  over  water.  Time  of  flight,  14  seconds. 


I 

a 
I 

) 

(  '  ' 
J 

a 
■ 

a 


Fired  into  sand  butt  to  try  powder. 


Fired  into  sand  butt  to  try  powder. 


Good  flight . 


Good  flight 


Fired  into  sand  batt  to  try  powder. 


c 
a 

JG 

3 


I 


Fired  over  water  for  range.    Time  of  flight,  19^  seconds. . 


Fired  over  water  for  range.    Time  of  flight,  19^  seconds. . 


Good  flight . 
Good  flight . 


Fired  over  water  for  range.    Time  of  flight,  27{  seconds . , 


Fiied  over  water  for  range.    Time  of  flight,  28  seconds. . . 


Range  (yardt). 
2,647 

2,460 

2,829 


8,826 


8,390 


7,228 


7,048 
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Table  showing  enlargements  of  hare  of  12-tiicA  miufzle-loading  rifled  mortar. 


Original 
diameter 
of    ore. 

Enlargement  of  bore  after— 

Inches  from 
muaele. 

Original 

diameter 

of  bore. 

Enlargement  of  bore  after — 

laehM  from 

JBVBXle. 

4 

i 

1 

• 
n 

1 

a 

0 

£ 

• 

as 

Inches. 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12. 006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 

Inches. 

0.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.060 

.000 

.000 

.000 

.000 

.000 

—.001 

1        .000 

.000 

.000 

.000 

.000 

—.001 

—.001 

^001 

^001 

—.001 

—.001 

—.001 

—.001 

—.001 

Inches. 

0.000 

.000 

.000 

.000 

.000 

.000 

.000 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

-.001 

—.001 

—.001 

— wOOl 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.002 

Inches. 
0.000 
.000 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001  ' 
—.001  1 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
^001 
— wOOl 
-.001 
—.002 
—.002 
—.001 
^001 
—.001 
-.001 
—.001 
^001 
—.001 
—.001 

56 

Inches. 
12.006 
12.006 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.008 
12.008 
12.008 
12.008 
12.008 
12.007 
12.007 
12.007 
12. 007 
12.007 
12.007 
12.007 
12.007 
12.007- 
12. 007 
12.007 
12.009 
12.  Oil 
12.012 

Inches. 
-4.002 
—.001 
—.002 
—.002 
.000 
.000 
.000 
.000 
.000 
.000 
—.001 
.000 
.000 
.000 
.000 
.001 
.001 
.001 
.001 
.001 
.001 
.002 
.002 
.003 
.003 
.003 
.001 
.000 
.002 

Inches. 

-0.002 

—.002 

—.002 

—.002 

^002 

—.002 

—.001 

-.001 

—.001 

—.001 

—.002 

—.002 

^002 

—  002 

—.002 

.000 

.000 

.000 

.000 

.001 

.001 

,        .061 

.001 

.001 

.002 

.002 
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PROGRESS  REPORT  OX  THE  TRIAL  OF  THE  12  INCH  BREECH-LOADING 
RIFLE  {CAST  IRON),     B7  THE  ORDNANCE  BOARD. 

Tbe  gun,  it  is  assumed,  is  described  in  the  coDStraction  report  of  the 
inspecting  ofELcer  stationed  at  the  South  Boston  foundry. 

Before  being  turned  over  to  the  Board  it  was  fired  five  proof  rounds 
UDder  instructions  given  to  the  commanding  officer  of  New  York  arsenal. 
In  a  letter  dated  Ordnance  Office,  April  8, 1885,  the  Board  was  directed, 
after  theproof  rounds  had  been  fired  from  the  gun,  to  continue  the  firing 
by  testing  German  cocoa  powder,  gradually  increasing  the  charges  un- 
til 265  pounds  bad  been  fired  with  a  shot  weighing  800  pounds.  Exper- 
imental powders,  furnished  by  Du  Pont  &  Co.,  were  also  fired  under 
directions  given  by  the  Chief  of  Ordnance  from  time  to  time. 

Tbe  carriage  on  which  the  piece  is  at  present  mounted  is  of  the  Krupp 
pattern,  but  as  it  is  not  to  be  used  for  further  firing  of  this  piece  it  does 
not  require  description  here. 

The  projectiles  were  cored  shot,  weighing  700,  750,  and  800  pounds, 
one-half  of  each  being  provided  with  single  and  one-half  with  double 
copper  bands.  The  bands,  it  is  understood,  are  forced  into  under-cut 
grooves  by  hammering,  and  then  turned  off  to  the  proper  diameter. 
Two  kinds  of  metal  were  used  for  the  single-band  projectiles,  viz,  cop- 
per and  an  alloy  of  copper  and  zinc.  The  rounds  from  19  to  23,  both 
inclusive,  werer  fired  with  the  alloy  bands.  The  first  two  projectiles 
(rounds  19  and  20)  were  fired  into  the  sand  butt  and  recovered. 

The  bands  were  sharply  marked,  but  the  metal  of  the  bands  did  not 
seem  to  flow  as  smoothly'  and  regularly  as  in  the  simple  copper  bands. 
This,  however,  appeared  to  exercise  no  perceptible  influence  on  the 
natures  of  the  flights,  as  the  sound  of  the  projectiles  fired  in  rounds  21, 
22,  and  23  (which  were  furnished  with  similar  bauds  denominat<ed  C) 
indicated  that  the  flight  was  regular.  As  it  is  stated  that  band  C  is 
cheaper  than  the  others,  it  would  seem,  as  far  as  the  limited  experience 
so  far  gained  can  be  depended  upon,  that  a  number  of  shot  similarly 
banded  should  be  furnished  for  the  further  test  of  this  gun. 

The  powders  used  by  the  t)oard  were  of  two  kinds,  viz,  German  cocoa 
powder,  density  1.863,  and  Du  Pout's  brown  prismatic  powder.  The 
prisms  of  the  German  and  of  Du  Pout's  powder  are  hexagonal,  about 
0.97  inch  long  and  1.53  inches  wide,  as  measured  from  corner  to  comer  on 
the  upper  faces.  They  contain  a  single  axial  perforation,  about  0.37  inch 
in  diameter.  The  Du  Pout's  powder  first  received  (type  N.  C.)  had  a  den- 
sity of  1.874,  the  last  received  (type  K  M.)  a  density  of  1.833.  Charges 
of  German  powder,  132.6  pounds  in  weight,  were  built  up  carefully  in 
tightly-fitting  silk  bags,  choked  and  tied  at  the  top.  A  portion  of  the 
bottom  layer  in  each  bag  was  composed  of  black  prismatic  grains,  each 
having  seven  perforations. 
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A  piece  of  fabric  with  sieve-like  structure  was  inserted  in  the  central 
portion  of  the  bottom  of  the  bag  to  insure  easy  ignition. 

The  charges  of  Du  Pout's  powder  had  a  number  of  black  prismatic 
grains  in  the  lower  layer,  and  the  bag,  made  of  serge,  had  two  cuts  cross- 
wise in  the  bottom  after  it  was  filled,  to  facilitate  ignition. 

The  trial  of  the  gun  by  the  Ordnance  Board  commenced  with  round 
number  6,  tired  June  25,  1885.  A  charge  of  225  pounds  of  cocoa  pow- 
der was  fired  with  a  double-band  shot  weighing  700  pounds,  the  high- 
est indicated  pressure  being  25,550  pounds. 

The  charge  was  then  increased  to  245  pounds,  and  to  enlarge  the  air- 
space a  single-band  shot  was  used.  When  the  charge  with  a  single- 
band  shot  weighing  700  pounds  was  further  increased  to  265  pounds 
the  maximum  pressure  indicated  was  30,250  pounds.  Retaining  this 
charge  of  265  pounds  the  weight  of  the  shot  was  increased  to  750 
pounds,  then  to  800  pounds,  the  pressure  in  the  latter  case  being  31,400 
pounds  per  square  inch,  and  the  instrumental  velocity  at  174'  1"  from 
the  muzzle  was  1,703  feet,  corresponding  to  a  muzzle  velocity  of  about 
1,710  feet  a  second.  The  best  results  obtained  with  265-pound  charges 
of  Du  Pout's  N.  M.  powder  and  an  800-pound  projectile  were  in  the 
twentieth  round,  when  the  muzzle  velocity  was  1,705.'6  with  a  pressure 
of  26,375  pounds.  The  maximum  pressure  per  square  inch  with  N.  M. 
powder  was  27,700,  the  minimum  was  25,150  pounds,  and  the  mean  of  six 
rounds  was  26,258  pounds.  The  maximum  muzzle  velocity  per  second 
was  1,705.6  feet.  The  minimum  was  1,683,  and  the  mean  of  six  rounds 
was  1,691.1  feet. 

In  the  last  five  rounds  a  number  of  partially  burned  grains  were 
found  on  the  ground  after  firing. 

The  firings  above  referred  to,  as  well  as  subsequent  firings,  made  to 
test  the  quality  of  powders  manufactured  by  Du  Pont  &  Co.,  are  given 
in  the  accompanying  firing  records.  As  up  to  this  time  neither  the 
number  nor  quality  of  the  bands  to  be  used  on  the  4)hot,  nor  the  nature 
of  the  powder  for  subsequent  test  of  the  gun  have  been  determined,  a 
progress  report  only  can  be  made. 

Atlter  firing  a  certain  lot  of  Du  Pout's  powder,  which  gave  low  veloc- 
ities and  a  maximum  pressure  of  23,850  pounds,  many  partially  burned 
grains  were  found;  a  number  of  these  grains  retained  a  form  quite  sim- 
Oar  to  their  original  one.  The  central  cavity  was  enlarged,  the  length 
of  the  grain  diminished,  the  faces  were  slightly  concave,  the  angles  were 
less  concave  than  the  faces,  but  the  particles  of  the  grain  remained  con- 
nected together  as  at  first.  In  other  words,  these  grains  which  had 
been  fired  were  not  broken  up  into  irregular  fragments  as  it  has  some- 
times been  asserted  would  be  the  case.  It  is  possible,  although  hardly 
probable,  that  some  of  them  commenced  to  burn  only  after  they  were 
ejected  from  the  gun,  but  the  deep,  irregular  '*  pits"  in  the  surfaces 
seemed  to  indicate  that  they  had  burned  under  considerable  pressure. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  Board. 

GEO.  W.  McKEB, 

Major  of  Ordnance. 
CHARLES  SHALEIJ, 

Captain  of  Ordnance. 
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Record  of  firing  with  12'inch  experimental  oasUinm  hreech-loading 
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Beoord  <tf  firing  with  12-(iu!h  «xperimtatal  eatt-iron  brMek-loaiiKg  r^fli 
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stSandjf  Eook^  N.  J.y  from  June  19  to  September  29,  1885— Continued. 
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Fired  over  water  for  range 
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11§  ,  Fired  over  water  for  range 5,292 
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Fired  into  sand  butt.    Cartridge 
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The  ffuide  of  vent-shield  bound, 
making  it  very  difficult  to  open 
block  after  firinir. 
>  Vent-shield     removed     before 
flrlng. 
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Table  of  enlargements  of  12-inoA  oxsporimental  eaat-iron  hreeek^loading  rifle. 
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bore. 


12.002 
12.001 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.001 
12.001 
12.001 
12.001 
12.001 
12.  001 
12.001 
12.001 
12.000 
12.000 
12.000 
12. 000 
12.000 
12.000 
12.000 
12.000 
12. 000 
12.000 
12. 000 
12.000 
12.001 
12.001 
12. 002 
12.002 
12.002 
12. 002 
12.002 
12.  002 
12. 002 
12.  002 
12.002 
12.002 
12. 002 
12.002 

12. 002 
12.003 
12.003 
12.003 
12.002 
12.003 
12.003 
12.003 
12.003 
12.  003 
12.003 
12.  003 

12. 003 
12. 003 
12. 003 
12.003 
12.003 
12.004 
12.004 
12.004 
12.003 


EnlargementB  of  bore  aftei^ 
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0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 
-0.001 
-0.001 
—0.001 
-0.001 


A  total  of 
25  rottodi. 


0.024 

0.02» 

0.021 

0020 

0.01» 

0.01T 

0.016 

0.01S 

0.015- 

0.015 

0.015 

0.01S 

0.013 

0.018 

O.0U 

0.013 

0.01$ 

0.011 

0.011 

0. 010 

aoo» 

0.000 
0.009 
0.008 

o.oog 

0.009 
0.008 
0.007 
0.007 
0.006 
0.003 
0.005 
0.005 
0.005 
0.005 
0.005 
0.004 
0004 
0.004 
0.005 
0.0O4 
0.0O4 
0.001 
0.003 
0.004 
0.003 
0.003 
0.003 
0.002 
0.002 
0.002 
0.002 
0.003 
0.003 
0.002 
0.002 
0.002 
0.002 
0.001 
0.001 
0.001 
0.002 
0.001 

a  001 

O.0O0 

aooo 

0.000 
0.001 
0.001 
0.001 
OOOl 
0.001 
0.001 
0.001 
0.000 
0.000 

aooo 
a  001 
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Mk  of  otlargemeniB  of  12-iifc^  tarpwimwial  oaBt-iron  breech-loading  ri/l0— Continued. 


InehM  from  mvxsle. 


m.. 

m.. 

U8.. 
U7.. 
IM.. 
US.. 
IM. 

m.. 

182.. 
Ill  . 
IN.. 
17>. 

178.. 

m.. 
m.. 
ro.. 

174.. 

m.. 
m.. 
m. 
m.. 
Iff.. 

M.. 

us.. 

ISO. 
14S.. 
M.. 
US. 

m. 
m, 

Ul. 
lU. 
IM. 
IK. 
M. 
«... 
N.., 


M 

n. 

s. 
n. 
w. 

79 

78, 

77. 

n. 

7$. 
74. 
73. 
71. 
71. 
79 


45. 
4«. 


Orii:inal  di- 

ameter  of 

bore. 


IS.. 
10... 

1.... 


12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.003 
12.003 

12. 004 
12.004 
12.004 
12.004 
12.  003 
12.003 
12.003 
12.003 
12  003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.  003 
12.004 
12.  005 
12.005 
12.006 
12.008 
12.009 
12.009 
12.  Oil 
12.011 
12.  010 
12.011 
12.011 
12.  010 
12.  Oil 
12.000 
12.008 
12.  007 
12.  005 
12.003 

12. 005 
12.005 
12.003 
12.004 
12.003 
12. 003 
12.003 
12. 003 
12.  003 
12. 003 
12. 003 
12.  004 
12.004 


Enlargements  of  bore  after— 


A  total  of 
5  ronnds. 


-0.002 

-0.001 

-0.002 

-0.002 

-0.002 

-0  002 

—4).  092 

—0.002 

-0.002 

-0.002 

-0. 001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.001 

-0.000 

-0.001 

-0.001 

-0.002 

-0.002 

-0. 002 

-0. 002 

-0.002 

-0.002 

-0. 001 

0.000 

0.000 

-0.  001 

0.000 

0.001 

0.000 

0.000 

0.000 

-0.001 

-0.001 

-0.  001 

0.000 

-0.001 

0.000 

—0.  002 

-0.  001 

-0.001 

-0.  001 

-0. 001 

0.000 

-0.  001 

-0.  002 

-0.001 

-0.002 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.  001 

_0. 001 


A  total  of 
10  rounds. 


-0.001 
-0.001 
-0.001 
-0. 001 
-0.001 
—0.001 
-0.001 
-0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.0C0 
0.000 
-0.  001 
0.000 
0.000 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
0.000 
0.002 
0.003 
0.003 
0.002 
0.002 
0.001 
0.001 
0.002 
0.001 
0.000 
0.001 
0.000 
0.001 
0.001 
0.000 
0.001 

0.001 : 

0.000 
0.000 
0.001 

-0.  001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

-0.001 
0.000 


A  total  of 
25  ronnds. 


0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

a  001 

0.001 

0.001 

0.001 

0.000 

0.000 

0.000 

-0.  001 

-0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.  001 

0.000 

0.000 

-0.001 

-0.001 

-0.  001 

-0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.003 

0.005 

0.005 

0.004 

0.005 

0.004 

0.004 

0.004 

0.005 

0.002 

0.001 

0.003 

0.001 

0.001 

0.002 

0.001 

0.003 

0.001 

O.OOl 

0.001 

0.002 

0.000 

-0.001 

-0.  001 

-0.  002 

-0.  001 

—0.  001 

-0.001 

-0.  001 

-0.001 

-0.  001 

-0. 001 

-0.001 

-0.001 
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Tiible  of  enlargements  of  chamber  of  12-inch  experimental  oaet-iron  breech-loading  riJU, 


Inches  from  breech. 

Original 
of  cha 

diameter 
kmber. 

Vertical. 

Enlargement  after 
5  roonds. 

Enlargement  after 
10  rounds. 

Enlargement  after 
25  rounds. 

Horizon- 
tal. 

Horizon- 
tal. 

Vertical. 

Horizon- 
tal. 

Vertical. 

—0.002 
-0.002 
-0.003 
-0.003 
-0.003 
-0.002 
-0.002 
-0.  002 
-0. 002 
-0.001 
-0.  001 
—0.001 
-0.001 
-0.001 
-0. 002 
-0.002 
-0.002 
-0.002 
-0. 002 
-0. 002 
-0. 002 
-0. 002 
-0.002 
-0.002 
-0.001 
—0.001 
-0.  001 
—0.001 
-0.  002 
—0.001 
-0.001 
—0.001 
-0.  001 
-0.001 
—0.001 
-0.  001 
-0. 001 
-0. 001 
-0.  001 
-0.001 
-0.001 
-O.OOI 
-0.  001 
-0.001 
-O.OOI 
—O.OOI 
-0.001 
-0.001 
-O.OOI 
+0.001 
+0.  001 
0.000 
-0.001 
—0.  002 
—0.002 
-0.  003 
—0.003 
0,017 
0.  024 
0. 020 

Horizon- 1 
tal. 

Vertical. 

• 

771 

13.507 
13.507 
13.507 
13.507 
13.507 
13.506 
13.  506 
13.505 
13.504 
13.503 
13.503 
13.  n03 
13.5A3 
13.503 
13.503 
13.503 
13.503 
13.5(13 
13.503 
13.  503 
13. 504 
13.504 
13.  504 
13.504 
13.504 
13.504 
13.504 
13.  504 
13.504 
13.504 
13. 504 
13.504 
13.504 
13.504 
13.504 
13.504 
13.  503 
13.503 
13  503 
13.503 
13.503 
13.  503 
13.  5<>3 
13.  503 
13.503 
13.  503 
13.  503 
13.503 
13.503 
13.503 
13.  5()3 
13.503 
13.503 
13. 503 
18.503 
13.503 
13.  503 
13.5.33 
13.918 
13.713 

13.507 
13.507 
13.508 
13.508 
13.508 
13.507 
13.506 
13.606 
13.506 
13.  505 
13.505 
13.505 
13. 505 
13.504 
13.505 
13.  '"05 
13.505 
13.505 
13.505 
13.505 
13.  505 
13.  505 
13.  505 
13.605 
13.504 
13.504 
13.504 
13.504 
13.504 
13.504 
13.504 
13.  504 
13.504 
13.  504 
13.  .W4 
13.  504 
13.5U4 
13.504 
13.504 
13.504 
13.504 
13.504 
13.504 
13.504 
13.5U4 
13.504 
13.504 
13  504 
13.  504 
13.504 
13.504 
1.^504 
13.505 
13.  506 
13.  506 
13.506 
13.506 
13.534 
13.  614 
13.713 

—0.002 
-0.002 
—0.002 
-0. 002 
-0.002 
-0.  002 
-0.  002 
-0.  001 
-0.001 
-0.001 
0  000 
0.000 
0.000 
0.000 
-0.001 
—0. 001 
— O.OOl 
-0.  UOl 
-0.  001 
-0.001 
-0.  002 
-O.OOI 
-0.001 
-0.001 
-0.  001 

-0. 001 

-0.  001 
-0.001 
-0.  001 
-0.001 
-0.  001 
-0.  001 
—0.  001 
-0.  001 
-0.001 
-0.001 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.001 

-0.001 

-0.001 

-0.  0»1 

-0.  001 

-0.001 

-0.001 

-it.  001 

-0.001 

-0.  001 

-0.  017 

-0.  oil 

-0. 018 

—0.003 
—0.003 
-0.004 
-0.003 
-0.003 
-0. 002 
-0.002 
-0.  002 
-0.002 
~0. 0M2 
-0. 002 
-0.OO2 
-0. 002 
-0.  001 
-0.002 
-0.  002 

-a  002 

-0.  002 
-0.  002 
-0.002 
-0.0' -2 
-0.  002 
-0.002 
-0.  002 
-0.001 
-0.  002 
-0.  002 
-0.0O2 
-0.  002 
-0.  002 
—0.  002 
-0.  OOl 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0. 002 
-0.  002 
-0. 002 
-0.  002 
-0.  0(»2 
-0.  0«2 
-0. 002 
-0.  0(2 
-0.002 
-0. 002 
-0.  01«2 
-0.002 
-0.  003 
-0.004 
-0.004 
—0.004 
-•>.004 
—0.  030 
—0.010 
-0. 017 

-0.001 

-0.001 

-0.002 

-0.  002 

-0.002 

-0. 001 

-0.  002 

-0.001 

-0.  001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.001 

-0.001 

-0.  001 

0.000 

0.000 

—0.001 

0.  OOu 

0.000 

0.000 

0.  000 

0.000 

0.  0UI» 

0.000 

0.000 

0.000 

0.000 
0.001 
0.001 
0.001 
0.  001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0. 000 
0.000 
0  000 
0.004 
0. 028 
0. 027 

0.000 
0.001 
0.001 
0.001 
0.001 

a  002 

0.001 
0.002 
0.002 
0.002 
0.000 
0.902 
0.001 
0.001 
0.001 
0.002 
O.OOI 
0.001 
O.OOI 
O.OOI 
0.000 
0.000 
0.000 
0.(K)0 
0.001 
0.001 
O.OOI 
0.001 
0.001 
O.dOl 
O.OOL 
O.OOl' 
0.000 
0.000 
0.000 
0.000 
O.OOI 
0.002 
0.001 
0.002 
0.002 
0.001 
0.001 
0.001 
O.OOI 
0.001 
0.001 
0.001 
0.001 
0.001 
O.OOI 
0.001 
0.  001 
,        0.001 
O.OOI 
0.  Oiil 
0.001 

0.000 

77 

0.001 

76 

0.000 

75 

0.000 

74 

73 

72 

71 

70 

69 

68 

67 

66 

65 

64 

63 

0.000 

aooo 

O.MO 
0.000 
-0.001 
-0.001 
0.000 
0.000 
0.000 
0.001 
0.000 
0.000 

62 

0.000 

61 

60 

-0.001 
-0.001 

69 

58 

-0.001 
-0.001 

57 

56 

-0.001 
-0.001 

55 

-0.001 

54 

0.000 

53 

52 

0.000 
0.000 

51 

50 

0.000 
-0.001 

49 

-0.001 

48 

0.000 

47 

-0  001 

46 

45 

44 

-0.001 
-0.001 
-0.001 

43 

0.000 

42 

41 

0.000 
0.000 

40 

0.000 

39 

88 

87 

0.000 

0.000 

-0.001 

36 

35 

34 

83 

82 

-O.OOI 
-0.001 
-0.001 
-0.001 
—0.001 

31 

-0.001 

30 

0.000 

29 

0.000 

28 

0.000 

27 

26 

0.000 
-O.OOI 

t5 

—0.002 

24 

-0.008 

23 

22 

-o.oos 

-0.002 

21 

20 

19 

....faa.a* 

Appendix  21. 


FIKAL    FIRING    AND    RUPTURE  OF   THE   Q-INCH   MULTICHARGE  OUK. 

B7  THE  ORDNANCE  BOARD. 

(2  plates.) 

Oednanck  Board,  U.  S.  A.,  New  York  Arsenal, 

Governor's  Island^  JSf,  Y.  Harbor^  December  29,  1884. 

The  Chief  op  Ordnance,  U.  S.  A., 

Washington,  Jh  0.; 

Sir  :  I  bave  the  honor  to  forward  this  day  the  firing  and  star  gaug^e 
records  of  the  20  rounds  fired  from  the  G  inch  multicharge  gun,  since, 
in  accordance  with  your  instructions  of  October  22,  1884,  it  was 
strengtheued.  At  the  20tb  round  of  this  last  series  the  casing:  of  the 
guD  was  fractured,  as  shown  in  the  accompanying  plate.  The  crack 
made  in  the  tube  before  this  firing  commenced  did  not  extend  mate- 
rially, and  the  tube  did  not  split  in  the  vicinity  of  the  ruptured  jacket. 
A  table  showing  the  calculated  data  for  theditferent  rounds  is  likewise 
inclosed.  The  information  embodied  in  this  last  inclosure  has  been 
furnished  Mr.  Haskell  at  his  request. 
For  the  Board. 

Very  respectfully,  your  obedient  servant, 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  Board. 
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Record  of  firing  with  6-tneft  multichargt  gnn  ai  Samif 


Powder. 


i_- 


Time. 


« 


''A 


1884. 


A.  M.— Burome- 
t»-r.  50l'«l; 
tliprimuiii'lvr. 
87.8 ;  LuuiiU- 
Ity.  02. 


P.  M.— Barome- 
ter.    80  27:t: 
tlu'rnioiiii't«i\  ^ 
41.8;    liumiU 
Ity,  01. 


A.  M.— Berotne- 
t«*r,      30 
tlitTinniiu' 
43.0;    Luuiid 
ity.  08. 


itne-l 
U50; 
M»*r.  > 


P.  M. — ^Biimin«»- 

t«T,       3U.0.'{U; 

llitTniomoirr, 
4H.1:  liumid« 
ity.  07. 


^ 
u 


4i 

.M 
0< 


4S 

« 

.M 
V 

o 
a 

•o 

a 

8 


I 


34  Deo.  10 


I       17 


I 


.15  Dec  10  s 


30 


38 


3D 


Dec  10 


1 


Dec  IK 


KA  ;  KR 

2i    I    22 


M 

o 

t 


« 


a 


Projectile. 


Kind. 


PresAure,  i^ 
poandM  per '  S 
squHra  iuch  I 


of  bore. 


X&« 


KRAi  KQ 

'22    I    22 


KN 

18 


K  A 
23 


105 


KR 
2:i 


EBA 

23 


KQ 
23 


110 


KMKAA   KR  KRA 

18    I     24     I     24     I     24 


KCA 

24 


KM 

18 


KR 
24 


114 


KRA   KR 

24    I    24 


KT 
24 


Dec.  11 


r    KM 

'  '     18 


t 


KR 
24 


114 


KRA 
24 


KCAKDA 


23 


2J 


Deo.  11^ 


111 


KM 

18 


KR 
24 


L 


KBA  KCAKDA 

24     I     23     I     22 


40  Dec  11 V  \. 


KM 
Id 


KR 

23 


111 

KRAKCA 
24 


23 


KDA 
23 


A.M. — Bnromo- 
tor,      3u.l7(i: 
tliHrmniiM't*  r,  > 
8U.  1 ;    iiumid- 
ity,  60. 


F.  M.— Barnme-  ] 

ter,      30.201;! 
tJHTmonn-tfr.  ^ 
43.8:     liumid- I 

Ity.  60.  J 


41  Deo.  10  N 


42 


110 


KN 

10 


KR  KRAKCAKDA 

20    I    23    !    23         22 


43 


DeclG. 


Dec  10 


1 


KM 
10 


KR 

27 


— ./ 

115 

I  I 

KRAKCAKDA 

20    I    24    I    23 


KM 

10 


KR 
27 


119 


KRA 
2.J 


KCA 
23 


KDA 
22 


IW 


'4oal. 


>4cal. 


I 


} 


I 


3cal. 


3cal. 


155 


135 


100 


111 


Seal. 


4cal. 


'3caL 


111 


155 


111 


>4caLl55 


'3caL 


r 


cal. 


Ill 


152 


a 
o 

•mm 
♦» 

01 

»«• 
®  1  c 


51 


o  / 


i      I 


I  ig 
I   «  5 

•'   ^1 

a 

e 


i 


Ft. 


It 


2Z02t'^,^\  -s>l,6354.a 


2  30 


2  30 


s  — 


o  o  i 


5714.20 


770X58 


4  30 


-   rsi  o 


4  8U 


4  30 


4  30 


8  30 


8  30 


M    S    M 


^.  Si,  842  3. 83 


5  5  9 


1*5 


M 


5vi  !?>< 


a 


3    O    3 


1.883  8.58 


'"^iSl,  750  3.02 

«iJ         I 


i.T 


I 


CM    CM  1  CM 


1iM,0423.71 


B  ?  5g 


*  T':>i.e»4 

M    «4    CMi/ 


51'8" 

from 

nuts- 

Kle. 


CM 


8  30 


,vea 


1,999 


>4  K  ei!) 


796 


4.98 


4.16 


4.1a 


*i7ot  taken. 
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PresMMire,  i 
ptiundM.  per, 
Miiiarv  inch! 
of  bor«  at — I 


Wild. 
ltr»-n«lli 

aoil 
JinctioD 


Special  remmrlcM  About,  each  flre,  anch  aa  efftnct  on  piece,  aonnd  of  projeo 
tile  iu  fligUt,  Bcattcriii);  of  .ftngmeuto,  &c. 


I.  -  «  3   O    S  ir    \ 


091 


xl^^^j 


0 

e 


55 
IS 

c  c 

8 
C  s 


238i 


Befon*  ronnil  34,  three  atwl  h€>opa  irpre  ahmnk  on  forrranl  portion 
of  gun  mill  a  lead  baud  uttauLed  to  rear  to  overcome  the  muzzle 
prcpoudci-anco. 

The  brrech-cartriilfrn  wna  Indoard  in  a  copper  caae  which  fitted  in 
ri'iir  iiitii  the  h«iid  or  the  dlitiinitor  In  the  base  of  tin*  cai>H).  hnloa 
-W4>ru  ctit  ro  allow  tliii  lunitioii  of  Iht*  chHrK«^  hihI  lor  the  jin-HHiire* 
plu^.  The  CitKtt.  th'>ui;1i  biully  niiHitlisipcn,  wa^t  esiMilv  witlhlrawn 
ufiirflriu;;.  No  OMiaiMMit'  l'HH  hI  miiv  porltet  but  tili<:br  fncsipe 
nt  thinl,  and  c  n^idcr.iblu  nt  foiiiili.  ioHilinir  liole.  Tlie  br<*eeh> 
bloi-k  opined  >  nd  ringed  fnHil\  iit  t!:i8  nnd  following  roiindtt,  and 
at  uu  liuio  wtts  ihuic  any  escape  of  gad  at  bi'ecch. 

A  abort  copper  caae.  1i  Inrbra  lonp,  rep1no<*d  the  Inrjier  cnae  uaed  fn 
preceding;  rouuU,  and  was  uttud  through  the  remuiuderof  the  iirijig* 


is 


i  ei  v;  rf) 


r'5 


I 


M.  107 


?f  «  '■'■  '^'  \ 


480 


3 


«   J 


> 


l\ 


^. 'Mi,  067 


f-saa 

-     * 

is; 


i5-i|^ 


5      'S) 

1 1 1 


2 


No  in^eater  eToratlon  beinjr  poaaiblo  for  the  pnn  as  monntod.  th» 
pr  pi*  and  forka  lor  inivi-mM  wImm-N  Wfin  reuiovod  and  the  rhiiHHta 
lowfi  ril  into  sliiddiug  ao  att  to  have  an  upward  inuliuauou  of  l^'  U> 
thorear. 


Gas  eaoaped  around  pressure-ping  of  fourth  poclcet. 


Prop  and  traTeree  wheels  replaced. 
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lieoard  of  firing  with  (a-inoh  multiohurge  gvn  at  Sand$ 


Powder. 


Projeotile. 


Date. 


t 


P.  M  — Barorae- 
ter,  30.201; 
tht)rnioiueter, 
48.8 ;  humid- 
it.V,  69.  I  [ 

A.  M  —  Baroiut^ 
ter,  20.914; 
1  liprmometiT, 
3!)  2 ;     huuiid- 

it  \'.  84. 


.e 

t 


t 


o 


tr. 


9 


P. 

H 


I 

o 


Kind. 


0 

c 


!■& 


Prt'SftTire,  j^ 
pound H,  uor  {  ^ 
sqnare  inch  j  o 
of  bore,  at —    " 

jC  M 
I  *2  0 

*;    .  - 1  '^  S 


^       H      PQ   fM  r^  'H  ,&. .  »g 


XftifO    ' 


FmC 


ELMA    KK  KBAKCA  KDA 


19 


27 


26  I   24 


23 


Seal.  110  2  45 


kS  §  g  i  ^ 


1^ 


I7»  a   at 


V45I)<-c.  17  s 


119 

KMA.  KK1KBA    KQ    KDA 
'      19         27         2fi         24  '      23 


0>  C0  to 

?M    CM    M 


CI    CM    ) 


980  3. 16 


119 


?3 


.         iVg  .^5  g  I  g  ^ 
cal.  110   2  53K  =.  t  T  -  *=1  >1,  952 

V»    CM   CM    ~«  ,1^    7 


I. 


A.  M.— Baroiiie- I                     f  KMAi  KR   KBA    KQ  iKDA 
lor,     29.914;  1                   J  ■       19  '      27         26         25  '•      23  | 
tlittrmomcter,  ;  46Dec.  17<  , ^ ' 

3!'. 2 :     humid* !  ion 

ilv.  84.  ) 


>  3  cal.  110  2 


955 


A.  M  — Barome- 
tor,     29.914;,       ^ 
fhermomoter,  }  47|I>ec.  17 < 
39.2 ;     humid 
ity,  84.  ) 

P.  VL — Barome*  ] 
ter,     29.825.1 
tbermoniet*;r,  J-  ,<^  1^®<'- 1?  * 
39.8 :     humid - 


itj,  78. 


KMAJ  KR  iKBaI  KQ   KDA  1 

19  i      27  i      26  1      25         23  ,  U  cal.  110 

:] 


120 

KMA    KR   KBA 
19         27        26 


2.75 


2.67 


KQ   KDA 
25        23 


120 


>3cal.;110   2  55 


r  KMA   KR   KBA   KQ   KDA 


P.  H. — Barome- 
ter;   29.825;  I        „  19  1      27 
thermometer.  U9Dec.l7^  ^    ^^  '      ^'  ' 
39.8 ;    humid-  ion 
ity,  76. 


26 


23  1  SScal.illo  2  55 


P.  If. —  Barome- 
ter,  29.825; 
thermometer, 
30.8 :  humid* 
ity,  76. 


,  50  Dec.  17^ 


f  KMA,  KR  IKBA!  KQ  iKDA. 

19  I      27  !      26  t      25  I      23 


acal.'llO  2  55 


I 


r  KMA!  KR 


6l:Dec.l8< 


19 


27 


120 


KBA   KP 
26  ,      25 


030la.  16 

I 


(1  S  g  I  g  )  i 

ICI   CM   CM    CM    CM    J  I 


<e  o  o  => 


h 


O    o 


CM   CM    CM   CM 


1,9423.33 


KDA 
23 


L.  M.— Barome- 
ter,    30.105; 
thermometer,  < 
29.1;    humid 
itj,  87. 


62  Dec.  18^ 


I  KMA 
,      1» 


KR 
27 


120 


KBA 
26 


3caL 


KP  JKDAi 

26  ;      23 


•3caL 


iw 


120 


110   2  55 


fK 


8 


eg  oc  S 

«d"  '-^  o' 

CM   CM   CM 


!■■ 


0532.58J 


g 

CM 


[.. 


S,S;8|i 


972  2.60| 

I 


(g  S  g     '^  ^ 
109  J2  55'J^.''.*  S.TI>1.9612.«7' 


68 


D«>.18 


1 


KMA  KR 
19  I     37 

Vr 


KBA 
35 


KP  KDA 

34  "33 


} 


4Qttl. 


180 


8  10, 


Isftf 


Tbeflixhtof  pndeotileawaiisood  throuKhont   Where  the  term  "8ab.*'appMn  in  oolnmii  of  imnue. 
'he preMure mMleee  than  18,000  pounds  per  aqoare ineh.  -fp—" «■  oonuui 01  piiwuiv. 
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Hook,  N,  J., /row  December  10  1o  December  18,  1884— Continued. 

poimdci,  per  Distance  from  center  of   Dlstunce  from  center  of 
Miiure  hicb  target,  in  feet. .  Impact,  in  feet.         ' 

of  bore.ttt — 


o 


Wind, 

aod 
dlTrction. 


•fil     Vertical. 


Ml  .3  a  -^  I 
p  u  r  T3 

xHfc 


Horizontal.     Vertical.    '  HoriKontal. 


9 

> 

9 


1 


6C 


9 


9i 
> 


o 


be  C 


61 S 


0«a  * 


OS     .  o 


^Fired  at  S.OOO-yard  tarf^t :  sighting  shot:  struck 

«'s  «  -i"  i      H  yards  abort. 


o 
o 

94 


o  a  o 

o  2  •'5 
S  3  -^ 


Sg'i 


^Fired  at  3,000-yard  target ;  sigtiting  shot ;  strtick 
4'  6"  right  and  12' «"  below.  ** 


olo 


>*«js  2'  0.58      3.00 


rf—aD  CO 


3.52 


1.43 


1.50 


0.25     1.44 


4.68 


13.00    11.00 


10. 0<I     6.  57 


8*5 


O  00 


12.60  i  4.50 


9. 56     0. 07 


0. 75  i 


!L3.83    ,  3. 


0.40 


■ 


-1  1.84 


1.00 


4.28 


S3 


I 


Special  remarks  about  each 
fire,   such    aa    effect    oi» 

f>{ec(\  sound  of  projectile 
n    flight,   scattering    of 
fragments,  &o. 


u 


I 

i 

s 

3 
U 


o 
« 

'S 

a 


•a 

H 


3.43 


,9*\ 


3.75, 

2.07  ,  6.69  1 6.50 

'            1 

1  6.42   27.00 

83.33     2.82   19.62   19.62  '16.04   16.04 

20.58*7=2.94 

31.01+7=4.43  39.24+7^5.61  32.08+7=4.58 

1 


90 

43 

t 


The  housing  of  presa- 
ui  e  ping  of  first  load- 
ing hole  broke  oflT 
while  being  un- 
screwed, and  the 
f)lu2  of  the  third 
uading  hole  was  also 
badly  damaged;  both 
were  removed  and 
replaced  by  blanks. 
Unbnmt  powder 
picked  op  at  the  sec- 
ond frame. 


I    I '~' 


28! 


S' 


Mean  Tertieal  deviation  Anom  center  of  impact.  5^6l 
Mean  hoiisontal  deviation  from  center  of  im- 
pact ......  ..•...« ......4. BO 

Mean  deviation  from  center  of  impact  7'. 25 

f  A  crack  was  developed  in  the  cast-iron  casing  extentl- 
ink  longitudinally  from  a  point  6  inches  in  front  of  thi^ 
third  loadiug  hofe  to  a  ptunt  12  inches  in  rear  of  the 
first  loading  hole,  as  per  sketeh  accompanying. 
From  the  thirty-fourth  round  impreeaiona  were  taken 
after  each  round,  and  it  was  shown  that  the  crack  in 
the  steel  tube,  while  scored  by  the  powder  gases, 
was  extended  in  length  only  abitut !(  inches. 


Fired  at  8,000-3'ard  tar- 
get; sighting  shot; 
under  target. 


'  Not  taken. 
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Star  gauging  of  Q-inch  muUicharge  gun. 


iDches 

fiom 

muzzle. 


2581 
257 

255 

254 

25:^ 

252 

251 

250 

249  J 

24H 

247 

246 

245 

244 

243 

242 

241 

240 

239 

2:^8 

237 

23« 

235 

234 

233 

232 

231 

230 

2*29 

228 

227 

226 

225 

224 

223 

222 

221 

220 

210 

218 

217 

216 

215 

214 

213 

212 

211 

210 

209. 

208. 

207. 

206 

205 

204. 

203. 

202. 

201. 

200. 

199. 

198. 

197- 

196 

195. 

194. 

193. 

192. 

191. 

190. 

189. 

188. 

187. 


ua 


Sept.  4, 
1883. 


Orij^innl 
<liA  meter 
of  bore. 


6.188 
6.187 
G.187 
6.188 
6.187 
6. 1H7 
6.187 
6.188 
6.077 
6.012 
6.U12 
6.U13 
6.013 
6.013 
6.013 
6.013 
6.013 
0.013 
6.U14 
6.014 
6.014 
6.014 
0.014 
6.U14 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 

Pocket  - 

Pocket. 

Pocket. 

Pocket. 

Pocket. 
6.U13 
6. 013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.012 
6.012 
6.012 
6.012 
6.  012 
0.013 
6.013 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 

Pocket.. 

Pocket. . 

Pocket.. 

Pocket.. 
6.013 
6.013 
6.013 
6.018 
6.013 
6.013 


Sept.  7, 
1883. 


Dinmeter 

of  bore 

Hlter 

6  rouuds. 


6.188 
6.188 
6.1h8 
6.18M 
6.1K7 
6.187 
6.188 
6.  I£8 


6.017 
6.015 
6.  (iI5 
6.U15 
6.016 
6. 016 
6.010 
6.010 
0.016 
6.016 
6.010 
6.015 
6.015 
6.015 
6.015 
6.015 
6.UI5 
6.U15 
6.015 
0.U15 
6.015 
6.015 
6.016 

Pceket.. 
6.UI5 
6.015 
6.013 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.015 
6.014 
6.014 
6. 014 
6.014 
6.013 
6.013 
6.  013 
6.013 
6.013 
6.014 
6.014 
6.014 

Pocket. . 

Pocket.. 

Pocket. . 

Pocket. . 

Pocket. . 
6.014 
6.014 
6.014 
6.015 
6.015 
6.015 


Oct.  31, 
1883. 


Biameter 
of  but-o 
lifter  31 
rouiide. 


6.187 
6. 188 
&I88 
6.188 
6.189 

6.100 


a  016 

6u015 
0.0  5 
6.015 
6uOl5 
0bO15 
6.015 
6. 014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.013 
6.U13 
6uOl3 
6.013 
6.012 
6.013 
6.016 


6.020 
6. 023 
6.026 
6.026 
6.024 
6.  022 
6.020 
6. 020 
6. 020 
6.  020 
6.020 
6.  020 
6.010 
6.019 
6.019 
6.019 
6.019 
6.019 
O.Ol'^ 
6.018 
6.018 
6.018 
6.010 
6.015 
6.015 
6.015 
6.014 
6.018 
6.018 
6.023 
6.026 
6.029 
6.030 
6.030 
6.026 
6.025 
6.025 


^  I 

Dec.  9,    I 

1884. 


(•) 


Inches 

from 

muzzle. 


186. 

185. 

1H4. 

183. 

]8i. 

181. 

180. 

170. 

178. 

177. 

170. 

175. 

174. 

173. 

JT2. 

171. 

170. 

109. 

168. 

107. 

100. 

105. 

164. 

103. 

102. 

161. 

100. 

J  59. 

158 

157. 

156. 

155. 

154 

153. 

152. 

151 

150. 

140. 

148. 

147. 

146. 

145. 

144. 

143. 

142 

141. 

140. 

i:i0. 

138. 

137. 

130. 

135. 

134 

133. 

132. 

131. 

130. 

129. 

128. 

1-27. 

126. 

125. 

124. 

128 

122. 

121 

120. 

119. 

118. 

117 

116. 

115. 


Sept.  4, 
1888. 


Ori;:ioal 
dLiiiieti-r 
of  bore. 


&014 
6. 015 
6.015 
6.015 
6.015 
6.015 
6.016 
6.016 
6.015 
6.01J 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
0.014 
6.013 
0.014 
6.U14 
6.013 
6.014 
6.014 
6.014 
6.015 
6.015 
6.015 
6.015 
6.  015 
6.014 
6.014 
6.014 
6.0U 
6.014 

,  6.014 
6.014 
6.015 
6.015 
6.017 
6.017 
6.017 
6.017 
6.010 
6.016 
6.016 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 

Pocket. . 

Pocket.. 

IVicket.. 

Pocket. . 

Pocket  . 
6.013 
6.0U 
6.013 
6.013 
6.013 
6.013 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.018 
6.013 


Sept.  7, 
lb83. 


Diameter 

of  buro 

II  Her 

6  rouudg. 


6.015 
6.016 
6.010 
&0I6 
6.016 
6.015 
6. 017 
6.01.J 
6. 1)15 
6.U15 
6.015 
0.014 
6.014 
6.014 
6.014 
6.014 
6.014 
0.015 
6.015 
6. 015 
6.1)14 
6.UI4 
6.U14 

Pock.  t. . 
6.014 
6.014 
6.015 
6.014 
6.014 
0.013 
6.013 
6.013 
6.013 
6.013 
0.014 
6.014 
6.014 
6.015 
6.017 
6.017 
6.017 
6.010 
6.016 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 

Pocket.. 

Pocket.. 

Pocket.. 

Pocket . . 

Pocket. . 
6.015 
6.015 
6.015 
6.014 
6.014 
6.015 
6.015 
6.016 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
6.014 


Oct.  81, 

Dee.g^ 
1884 

Dinmeler 
of  bora 
after  31 
ixfuuda. 

(•) 

6.024 

0.024 

6.024 

6. 024 

6.023 

6. 0:^3 
6. 023 

6. 023 

6.  022 

0.020 

6. 020 

6.018 

6.U10 

6.018 

6.018 
6.01H 

6.U18 

6.018 
6.U10 
6.016 


6.021 
6. 024 
6.024 
6.  024 
6. 01^3 
0. 023 
6.023 
6.022 

6. 022 

6. 023 
0. 0*23 
6.  024 
6.0.23 
6.024 
6.  024 
6.024 
6.022 
6.021 
6. 020 
6.019 
6.017 
&017 
6.016 
6.016 
6.015 
6.014 
6.013 
6.018 


6.020 
6.020 
6.020 
6.020 
6.019 
6.018 
6.019 
6. 018 
6.019 
6.019 
6.020 
6.020 
6.019 
6.023 
6.028 


6.019 
6wei0 
6wOSO 

6woa 

8.  OB 
6wOM 


*  Star  gaufced  after  three  banda  had  been  shmnk  on,  to  ascertain  if  ahilnlcafce  of  bands  had  changed 
bore,  Sco. 


REPOBT    OF    THE   CHIEF  OP   OBDNANCE. 


161 


Star  gau^mg  of  6^neh  multickarge  gun — Continaed. 


Sept.  7,  I   Oct.  31, 
lt)83.      1      1883. 


U4 

113 

112 

111 

llO. 

1«. 

l» 

Xtn. 

105. 

lU. 

103. 

102. 

101. 

M. 
M. 
tt 
f7 
M 
«. 
M 
B 

e. 

N. 

«. 

9. 

U 

!7. 

N 

6 

M 

S.. 

fi.. 

A.. 

81.. 

».. 

W.. 

77.., 

W.. 

75... 

73  ., 

TS    . 

n  .. 


87. 
«. 
«. 
M. 

«L 


•i 


,.  I 


Ori|cin*l 

diameter 

of  bore. 


6u012 

OLOIO 

ft.  010 

fluOlO 

tt.010 

8,010 

6L010 

ILOIO 

6L0I0 

6.010 

6.01O 

S.011 

6.011 

S.0I1 

auii 

s.011 
6.011 
6.010 
&010 
6.UIO 
6.0O9 

5.  0<>O 
6.0O9 
6.0O9 
6.0IO 
&0I0 
OlOIO 
&Ur6 
6.016 
6.015 
6wOl5 
6.015 
6.014 
6.014 

6.  Of  3 
6.013 
6.013 
6.013 
6.  013 
6.  013 
6.013 
6.013 
S.013 
6.013 
6.013 
6.013 
6.013 
6w012 
6.011 
6.011 
6.011 
COlO 
6^010 
6.010 
6l010 
6.010 
6.010 
6.010 


Diameter 
ot  bore 

nfier 
6  rounds. 


6. 
0. 
6. 
0. 
0. 

e. 

6. 
6. 
6. 


Ol014 
6.013 

012 

on 
oil 
oil 
on 
on 
oil 

012 
013 
0.  U13 
0.013 
6.  014 
6.  013 
6.013 
G.013 
0.012 
6.011 
6.011 
6.010 
6l010 
6.010 
6.010 
6.01O 
6.011 
6.015 
6.016 
6.017 
6.016 
6.015 
6.010 
6.016 
6w0l5 
&015 
015 
015 
U14 
014 
014 
015 
014 


6. 
6. 
6. 
6. 
6. 
6. 
6. 


Diameter 
of  bore 
after  31 
roondtt. 


6.014 

6.014 

6.014 

6.013 

6.014 

6.013 

6.013 

6.012 

6L011 

6L011 

6.011 

0.011 

6.010 

OuOlO 

6L010 

6L011   ' 


6.023 
6.0-i3 
6.0J2 
&02L 

6. 021 
0.021 
0. 021 
6.020 
0.020 
8.021 
6.020 
6.020 
G.  020 
6. 020 
6. 0-.'O 
6.U20 
6. 020 
6.019 
6.018 
6.0'7 
6.017 
6.017 
6.017 
6.016 
6.010 
6.016 
6.019 
6.  0-22 

6. 022 
6.020 
0.020 
6.O20 
6.010 
6.U20 
6.020 
6.018 
6.018 
6. 010 
6.018 
6.018 
6.010 
6.018 
&0I8 
6.018 
6.018 
6.017 
6.017 
6.016 
6.015 
0.016 
6.015 
6.015 
0.015 
6.015 
6.014 
6.014 
6.015 
6.016 


(•) 


6.024 
6.0. '4 

6. 024 
6.025 
6.  (12.) 
6.025 
6. 02'i 
6.025 

6. 025 
6.  025 
6.025 
6.  024 
6.024 
6. 02:{ 

6. 023 
6.  023 
0. 023 
6. 022 
6.020 
6.  020 
6.020 
6. 020 
6.  CI20 
6.020 
6.021 

6. 022 
6. 025 
6.  026 
6.026 
6.  025 
6.025 
6.U25 
6.025 
0. 025 
6.024 

6. 024 
6. 024 
6.023 
0.02:i 
6.  02:1 
6.023 

6. 023 
6.023 
6.023 
6.  022 
6.  022 
6.021 
6.021 
6.020 
6.020 
6. 020 
6.010 
6.017 
6.017 
6.017 
6  016 
6  010 
6.010 


Inches 

fnmi 

mozzle. 


Sept.  4, 


lepf. 
1883. 


Orifrinal 

dianietvr 

of  bore. 


I 

'  56 

55 

54 

.  53 

53    

!  51 

5(W-.. 

40    

48     ... 

47       .- 

I  46    

.  45    

44 , 

I  43    .   .. 

42    

I  41 , 

i  40 

'39    

!  3H 

I  37      ... 

36 

I  35    .... 
t  34 

33    

32    

,31 

I  30    .    .. 

29    

28 

1  27    .... 
i  26 

25    

24 

23 

22    -.   . 

21 

20      ... 

19 

18 

17 

16 

15    .... 

14    .... 

13      ... 

12    .... 

11    ..   . 

10  ... 
9  .... 
8    .... 

7 

6 

5 

4 

3 

2 

I.. 

Muzxle. 


6w010 
6  010 
6.010 
6  010 
6.  ulO 
6  009 
6.000 
6.000 
6.000 
6.000 
6.009 
6.00K 
6  008 
6.00s 
6.(08 
6.007 
6. 006 
6.  0((i 
6.006 
6.005 
6. 005 
6.004 
6. 0i>4 
6.003 
6.003 
6.  ('03 
6.  0o3 

6. 003 
6.003 
6.003 
6.002 
6.001 
6.001 
0.  000 
0.000 
6  000 
6.000 
6.000 
6.  OoO 
6.000 
6.000 
6. 000 
6  000 
6.000 
6  000 
6  000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.002 
6  003 

6. 004 
6.005 
6.007 


Sept.  7, 
1883. 


Diameter 

of  btire 

MflMr 

0  rounds. 


6.010 
6.011 
6.010 
6010 
6.010 
6  010 
6010 
6.000 
6.000 
6  000 
6. 008 
6.008 
6  008 
B.  008 
6  007 
6  007 
6.007 
6.  006 
6.000 
0. 005 
6.005 
6.004 
6  O114 
6  004 
6.  003 
6.  011:1 
6  003 
6  003 
6.0O3 
6.  003 
6  002 
6.002  . 
6.002 
6  001 
6  001 
6  001 
6.  000 
6  000 
6.000 
6.  OOO 
6  000 
6  000 
6.000 
6000 
6  000 
6.000 
6  000 
6.000 
6.000 
6000 
6000 
6.001 
•  002 
0-003 
<^004 
«.  007 


Orf .  31, 

1883. 


Diftmeter 
of  bore 
after  31 
rounds. 


Dee.9, 
18M. 


6.014 

6  014 

6011 

6  013 

6013 

6  012 

6011 

6011 

6011 

6.010 

6010 

6  010 

6  010 

6.010 

6  010 

6  010 

6  010 

6.009 

6  008 

6.008 

6.008 

6  007 

6.007 

6  000 

6.006 

6.006 

6  006 

6  006 

6.006 

6.000 

6(H)5 

6.005 

6(HJ5 

6  005 

6.004 

6  004 

6  004 

6  004 

6  003 

6.003 

6  003 

6  003 

6.003 

6.003 

6.003 

6.003 

6.003 

6.004 

6.004 

6.004 

6.004 

6.007 

6.007 

6.008 

6.000 

6.01% 


(*) 


6016 

6.016 

6  016 

6.016 

6016 

6.015 

6.014 

6.014 

6  014 

6  014 

6.014 

6  014 

6.014 

6  014 

6  014 

6  014 

6  018 

6  013 

6  013 

6.014 

6  015 

6.015 

6  015 

6  015 

6015 

6.015 

6  016 

6  016 

6017 

6  016 

6  016 

6  016 

6  016 

6  015 

6  015 

6  014 

6  014 

6  013 

6  013 

6  013 

6  010 

6  010 

6009 

6.009 

6008 

6.006 

6.006 

6.008 

6.007 

6.006 

6.006 

6.007 

6.007 

6.007 

6.007 

6.016 

6.0Sft 


*  Star  sM^cd  titer  three  hmnds  had  been  shrunk  on.  to  ascerUin  if  shrluO 5^\>»tt** 


Yuid  changed 
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Table  fhotcing  calculated  data  far  &'  muliicharge  gun. 


li  i  :  I 


Date. 


1884. 
10 
10 
10 
11 
11 
11 
11 
16 
16 
16 
16 
1 
1 
1 
1 
1 
1 

18 
18 
18 


% 


p 
p 


o 


Lh9. 


.p 


•s  1  a    a 


84 

155 

36 

155 

36 

109 

37 

111 

38 

111 

89 

155 

40 

111 

41 

155 

42 

111 

43 

152 

44 

110 

45 

110 

46 

110 

47 

110 
110 

48 

49 

110 

50 

110 

51 

110 

62 

109 

53 

ISO 

10b 

110  , 

114 

114 

111 

111 

116 

115  [ 

119  . 

116 

119 

119 

120 

120 

120 

IJO 

120 

120 

120 

117 


P 

."So 

o 

> 


1,540 
1,576 
1,785 
1,851 
1,904 
1,756 
1,951 
1.697 
2,004 
1.801 
1,989 
1, 962 
1,964 
1,939 
1,947 
1,951 
1,962 
1,981 
1,970 
1,796 


9 

P 

o 


2,  551.  4 
2, 672. 1 
2, 410. 6 
2. 6^9. 7 

2,  793.  0 

3.  317. 3 

2.  932. 6 

3,  098. 1 
3,  U94.  1 
3,421.9 
3,  U20. 4 

2,  vm.  0 

2.  945. 0 
2,  870.  5 
2. 894. 3 
2.906.2 
2, 939.  0 
2,  906. 1 
2.936.2 
3,358.8 


O  «l 

I" 

P  o 

'I 

Pi 

p  ce 
C4 


a 


9U.  24 

»      94. 51 

85.26 

93.36 

98.78 

117.  3-J 

103.  72 

109.  .57 

109.43 

121.  01 

106. 8-J 

103.  95 

104.16 

101.  52 

1U2. 36 

102.79 

1U3. 95 

105.97 

103.  85 

11&78 


SB 

.a 
o 

P 
•<—    . 

P^ 
§1 

t 

V 

a 


I 


b   9B 

%>» 
pS 

J;  a 

"»<  21 
^§ 


p 
S 


1 


I 


13.134 

1,391 

2,  081. 6 

, 

1. 424 

2, 181.  5 

12,587 

1,5  0 

1,  817.  6 

13.473 

1,614 

2.006.9 

.  .  .  • 

1,6«2 

2. 12&  1 

15.992 

1.591 

2, 723.  2 

■          .   B   ■ 

1,705 

2,239.6 

. 

1.  536 

2,  538.  2 

15. 178 

1,752 

2. 364.  8 

16.369 

1.629 

2.  799.  6 

14.906 

l,7a7 

2, 303.  fi 

1,713 

2. 24U.  4 

, 

1,715 

2, 245.  5 

14.348 

1,692 

2,185.7 

.  . . 

1,700 

2.  206.  5 



1,703 

2,214.2 

1,713 

2, 240.  4 

1,730 

2,  2«l.  1 

14.594 

1,718 

2.  233. 0 

16. 141 

1,623 

2, 742.  5 

e  at 
'Sa 

*  s 

J*©  o 

P  ••" 


73.62 
77.16 
64.29 
70.98 
75.  72 
96.31 
79.21 
89.77 
83.64 
99.02 
81.47 
79.24 
79.42 
77.31 
7a  04 
78.81 
79.24 
80. 82 
7a  98 
97.00 


I 

o 

it 

p 

0. 


11.275 


10.18S 
10.970 


13.792 


12.407 
14.062 
12.165 


11.096 


11.885 
13.866 


1 


KOTB. — ^Peneiratlont  oalcnlated  for  greatest  and  least  velocities  obtained  with  each  weight  of  pro- 
J««iile  and  by  the  Krapp  fonnnl»,  namely :  C=  (0.0136  n^)*. 


PLATE  1. 


RECORD  of    ^''  ^^^/^c/.^.^^^/'-vw 

/fe?«^..^.^'/7^>'    yy^  Kl  SANDY  Ha)K.  N.  J. 

Tar^ti      ^^<!C'^     Ua*^;5  from  Gun. 


JVkHHi 

k^«<j 

Jt0i*Jir9d. 

_j, 

.    Dirrct  kUs. 

/ 

■ 

Jtitvekst  hiii 

'. 

c 

• 

jVujw, 

O 

• 

-1 

1 

m 

1 

r 

1 

^ 

* 

«f 

r                 -      - 

^ 

_^ 

V^.^w 

# 

• 

^ir* 

p— *■ 

ta— ^ 

"^ 

-1 

r- 

S 

1 

1 

f 

1 

1 

1 

\ 
1 

1 

*      -      , 

1             1 

1      !      1 

• 

«4 

— t- 

1 

i        1.... 

( 

i 

1 
^ 

^^ 

1 

1 

Mean  vertical  dtviation  from  t<0nt*r  of  imftact. 
Mean  horUomtat  deataUon  ftwn  center  of  impact. 


Mean  devintion  from-  eenter  of  unpad. 


Tmrf*  *<f  "  4<^ 


\\ 


"     ' 


.) 


&«.««  /•  '• 


H  Cart  pl2v3  491 


Wind 


r.-^  -» ♦      / 

<,.-.  .»  -  —     -  •      I 
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PTURE 


^ 


Jj^ 


PLATJE  II. 


pruRE 


Appendix    22, 


J8SUMED  AND  CALCULATED  DATA  FOR  CONSTRUCTING  A  ^^INCH  STEEl. 

SIEGE-aUN     BY  THE  ORDNANCE  BOARD. 

(1  plate.) 


Awumed  data. 

Weight  of  projectile pounds. . 

Weight  of  charge do 

Density  of  loading 

Length  of  chamber inches.. 

Yolnme  of  chamber cubic  inches . . 

Length  of  bore caliber  (150  iucbes)  . 

Diameter  of  bore inches. . 

Lei)gth  of  gun do 

Weight  of  gun pounds. . 

Preponderance  at  1  foot  from  base  of  breech do . . 


4& 

12 

32 

1J> 

384 

30 

h 

162 

3,500 

200 


Jaoket 
Tube  .. 


Physical  properties. 
Tenacity. 


Pounds. 
95,000 
80,000 


Elastic  limit. 

Pounds. 
45,000 
88,000 


Paotor  of  safety 

Faot<or  of  effect per  cent. . 

Calculated  data. 
iX)  Initial  velocity feet..   17.10 

(2)  Maximum  pressure tons  per  square  inch . .   15. 51 

(3)  Distance  of  projectile  from  bottom  of  bore  when  maximum  pressure  exists, 

inches 18.0 

(4  and  5)  Pressures  and  velocities  at  different  points  of  hore. 


4 
75. 


Distance  from 

Presanrein 

tr%mi  ODd  of  < 

toDsper 
■qnarelnch. 

Velooitlea. 

DiffereDce 

obarober. 

1 

Inshes. 

Feet. 

Feet. 

H 

15.51 
13.75 

559.8 
606.6 

5 

338.8 

15 

8.64 

1085.4 

167.4 

25 

6.24 

1202.8 

108.5 

85 

4.  88 

1311.3 

79.3 

45 

4.00 

1390.6 

61.9 

55 

3.38 

1452.5 

50.5 

65 

2.93 

1503.0 

« 

42.3 

75 

2.60 

1545. 3 

36.3 

es 

2.34 

1581.6 

31.8 

»5 

2.16 

1613.4 

2&2 

105 

1.07 

1641.6 

2S.1 

115 

1.80 

1666.7 

22.8 

125 

1.65 

1689.5 

20.8 

136 

1.53 

1710.  3 

MozKle 

15:< 
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(6)  TblckoeM  of  wall  at  maximnm  diameter  af  chamber  vrilh  facl«n  of 

safety 4 

Thickness  of  tnbe iDches..    1,7 

ThlckDesB  of  Jucket do 2.6 

4.S 

(7)  Elastic  resistance  of  chamber tooa..  t&.OHB 

Kloxtic  limit  of  tube  assumed poQDds..  38,000 

(6)  Jacket  mnj  terminate  iu  front  of  fuce  of  chamber iucbea-.  30 

(9)  Shrinkafce  ntr  linuar  inch 0.0014 

Total  shriuka;:e 0.01^4 

(10)  Initial  compniwinn  of  tnbe  under  shrink  age tons  pertiqnare  inch..  4. 03fl 

Benislonce  of  tube  to  comprcsstoii tons  per  sqaare  inch..  6.  U& 
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Comparntivt  tabi*  offorMsn  rieje  ^tiiii  of  abon  I  14™ 


KMeriBl 

* 

1 

■ 

1 

1 

10  y- 

Steal  hooiHd     - 
.    Bteelhwpwl 

DcBanKe]2<- 

.         4.7S 

2,M5,5 

-4^ 

PlMlfe  obtnrstor 

.,  3u.el  hoopwl 

4-70 

jm 

ttiy.w 

IS" 

Compri'iMil  bronz 

.       4.7 

3.7*0. 

.«7. 

.lfit«l 

4  J 

S.1S4. 

_. 

.    40.|»lr.,35iiwl.,M.L|  SlrsLwro 


:  3,sc«. 


.:  ail's!  jBoketfd  .. 
Comparatirt  table  of/ortifn  titgt  guHi  of  ahoM  18«"  (4".7) 
Powder  ebkri^B. 


. !  FUMlo  obtdi»tor  . , 


Builtid 
Pr^NM 


iMd<UnlMSttttM)-..  Bincb... 


.    Slssl,  wronstat  Inn  . 
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157 


(4".7) 


b-inch  tteel  siege  gun. 


t 

O 

a 


e 


144.8 


127,95 


I       110.  S9 
IM. 


IISlI 
1«2. 


133.07 

117. 

104. 

lie.  1* 


102.« 
104.  5 
150. 


Twist 


Grooved. 


82.2 
24.  7S 
22.04 

22.5    ! 

t 

21.7  , 
22.  I 
30. 


IncreaninK. 

1©  3(K  to  70 

Uniform. 
19. 86  i 

Inoreasing. 
Oto4o 

Uniform. 
17.71 
13.85 
14. 58  ' 


50 


45 
35 

35 : 


o 

a 

2 


0.268 


0  315 


0.35 


0.326  , 
0.8  , 
0.35 


s 

s 


0. 1378 


0.03 


0.063 


0.059 


0.059 

0.10 

0.06 


s 

a 


Powder  chamber. 


32 


36 


36 


30 


32  ;. 
3 
32 


s 

JQ 
O 


Q 


21.65 


I 


14.04 


ia7 


t 

JB 
O 

a 
"^ 

I 
§ 


4.92 


4.88 


5.00 


4.9 


No  chamber. 
15.       '  5. 7 


^aliktr  and  prop<f9ed  5-iwc*  Bteel  siege  j/m« —Continued. 


Praj««tlle. 


a 

5 


o 


TZ        t 


I 


lw8> 


35.  rJ 
24 


1.52    1.658 


X.95  p». 

3.0  |36l87 

1.97  {B6-81 

3.85  tel 


1 


L76 

2.2 

2. 

2.46 

2.5 

2.23 


o 


I     f 


t 

M 

£ 

e 

s 


I,  575. 4 

u<»a7 
1.55a 

1.426. 
1,710. 


■c 

■ 

I 

o 
H 


Mazzle  energy. 


Velocity  at — 


a 


<   s 

h 


a 


s 

O  • 


g 

o 


I 


34, 125   594. 2  ,45. 80  ,44. 36  72. 8 


24,463 


,677.5   46.69 
700.7  ,47.45 


84,742 


7;J2.9 
621. 7 
!65&4 
913.8 


49.64 
42.11 
87.42 
58.14 


38.71 
40.39 
42.24 
35.83 
31.51 
46.52 


6a  30 
70.  77 
63.27 
88.81 
79.77 
76. 10 


X§ 

MC 

n  p 

2  ^ 
o  be 


4j 


C 


502.2    {1.263. 


573.6 

508.6 

429. 

445.8 

323.7 

604.38 


1,233. 
1,280. 
1.  305. 
1,  205. 
1, 127.  5 
1,843 


o 

CO 

a 
o 


^a 


cs 


d 


:  S 

X'O 


■ 


I 

1 


•as     HP  C3 


945.5   857.      788.5 


1,056. 

1,019.      901.5  808.5 

1,031.6  '904.  804.5 

1, 045.      1915.  814. 5 

999.      880.6  786.8 

967.5   861.  774.6 

1,080.5  91&J«  845.6 


730. 

721. 

731. 

706.8 

700. 

763.5 


IbASL 
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OOVSTRUCTION  BEPOJiT  OF  THE  CAST-IBOX  BODY  FOB  THE  TEN-INCH 

WlIiE-WBAPFED  B,  L.  BIFLE. 

By  Capt.  D.  a.  Ltlb,  Ordnance  Department,  U.  S.  A. 

TIME  EMPLOYED. 

This  body  was  inclnded  in  tbe  contract  made  September  24,  1883, 
with  the  South  Boston  Iron  Woiks.  It  ^vlls  cast  Warcli  :i8,  18.S4,  and 
was  inspected  August  28-L*9,  1884.  The  body  was  linislied  in  five 
moDtlis  from  the  date  of  casting  and  within  eleven  months  of  the  date 
of  tliecoQtra(;t. 

THE  CASTING. 

The  details  regarding  tha  fnrnace  charges,  the  record  of  casting,  the 
cooling,  the  idiysical  ]>roi)erties,  and  the  initial  tension  are  given  in  the 
statement  of  labricat  ion  appended  hereto  and  forming  imi  tot  this  report. 

Tbe  casting  was  made  breech  down,  with  an  excess  of  metal  upon 
tbe  breech  sufficient  to  allow  a  cylindt^r  about  tifteeu  inches  in  length  to 
be  takeu  from  that  end  for  experimental  purposes. 

FiKisniNO. 

The  chase  of  this  gnn  was  finish  turned.  The  cylindrical  portions 
designetl  to  receive  the  wire  wraj)ping  was  ordered  to  be  turned  to  the 
dimensions  given  in  the  drawing,  but  when  completed  it  was  found  that 
these  diameters  exceeded  those  i)rescribed  by  about  .04  inch. 

This  variation  was  subsequently  authorized.  The  ritied  portion  of 
the  bore  was  directed  to  be  bored  out  to  9.1)5  inches,  leaving  .05  inch, 
for  finish-boring  after  wrapping  with  wire. 

Tliosarae  allowance  was  made  in  the  diameter  of  the  chamber,  leav- 
ing it  to  be  finished  after  the  application  of  the  wire,  and  to  have  the 
teat  for  the  steel  bushing  of  the  breech-block  cut  in  the  rear  end.  The 
forward  slope  of  the  chamber  was  also  left  to  be  finished  after  the  wrap- 
ping with  wire. 

A  slight  excess  of  metal  was  left  at  the  breech  end  to  serve  for  start- 
ffl/T  tamers  and  boring  tools. 

PHYSICAL  PEOPERTIES. 

The  prescribed  tenacity  was  reqnired  to  be  not  less  than  .^0,000  nor 
more  than  37,000  jwunds  per  square  inch.  The  usual  tenacit}^  speci- 
J^J^a,  taken  Irom  both  ends  of  the  casting,  all  fell  within  these  limits. 
The  initial  tension  was  as  follows :  Muzzle,  1C,1U0  pounds  per  square 

"^ch;  breech,  13,125  i)ounds  per  square  inch. 
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SHIPMENT. 


The  body  for  the  10-inch  wire-wrapped  B.  L  rifle  was  6hipi)ed  to  the 
commanding  officer  of  Watertowu  Arsenal,  November  12,  1884. 

REMARKS. 

Attached  to  this  report  will  be  found  star  gauge  record  of  measure- 
ments  of  the  bore  and  measurements  of  the  exterior  diameters  of  the 
^un  body,  together  with  the  variations  in  the  exterior  diameters. 

Table  I. — Statement  of  fabrication  of  ordnance  for  the  serHce  of  the  United  Stafes  by  South 
Boston  Iron  WorkHj  at  the  South  Boston  Foundry ^  under  the  supervision  of  CapL  D,  A. 
LyUj  Ordnance  Department. 

[Cast-iron  bodv  for  10-inch  wire-wrapped  B.  1^.  K  frou.    Ca«t  March  28, 1884.    Innpected  Angnst  28-20, 

1884.] 

CHARGE. 
Iron  used. 


Oradti  of  iron. 


:no.i 

No.  2     .... 
No.  3.  hard ' 
No.  3,  Hoft 
Renielted 


No.  1.     No.  2. 


Tont.      Tons.   . 


Farnace«.' 


No.  8. 


Total. 


Tont. 


6 
6 

9 


Kichmoud  iron. 


27 


9 


27 


Sectlouh    of    15-inch 
Sodman  S.  B.  gons. 


\ 


12 
12 
12 
16 


54 


*  ClasHod  as  No.  4  Kichniond  at  this  foundry-. 

<}odl  consumed :  Not  kept  accaratelv-    Approximately  27  tons. 
Oharacter  qf  lest  sticks :  Record  not  Kept 


RECORD  OF  CASTING. 


FumaceB  tired  March  28,  No.  1  at  4  a.  m., 
No.  2  at  3.30  a.  m. 

Metal  down  at  11.30  a.  m. 

Time  of  melting :  No.  1, 7i  hours  ;  No.  2, 8 
hours. 

Time  in  fusion,  4^  hours. 

Onn  cast  at  3.40  p.  m. 

Time  occupied  in  casting,  11  minutes. 

Temperature  of  water  entering  core-bar- 
rel, 39  degrees. 

Temperature  of  water  leaving  core-barrel, 
liQ  degrees. 

Bate  of  water  per  minute,  36  gallons. 


Fire  kindled  in  pit  about  4  p.  ro. 

Fire  an  pit  went  out  March  29,  about  3 
p.  ni. 

Fire  in  pit  burned  about  23  hours. 

Water  snnt  off  March  29  at  9  a.  m. 

Core-barrel  removed  at  11  a.  m. 

Water  entered  gun  at  12  m. 

Rate  of  water  per  minute,  20  gallons. 

Temperature  of  water  entering  gun,  39 
degrees. 

Temperature  of  water  leaving  gun,  172  de- 
grees. 

Total  time  in  cooling  gun,  90^  houn. 
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COOLING  TABLSS. 


Com-baiTBL 


Core-barrel  remored. 


41 

41 

41 

41 

40.5 

40.5 

40.5 

40.5 

40.5 

40.5 

40.5 


e 


89 
80 
91 


i 


40 
40 

1140 


*B»te  of  water,  36  sallons  per  minnte. 

t  Water  off. 

t  Barrel  removed. 

MECHANICAL  TESTS. 


6  Rate  of  water,  20  gallone  per  minate. 
(1  Water  sbat  off  and  begao  opening  flask. 


Specific  gravity. 


Breech  ring. 


Hnszle  ring. 


Speoimea. 


How  taken. 


Denaity.    I      How  taken. 


llM-I '  Tangentially... 

atLV>M .....do  ...: 

Xo.)-0 do 

5aU-0 Longitudinally. 


»al4-I.. 

leilS-I  . 
Hal»-.0 


do 

do 

.do 

.do 

.do 


7.2889 
7.2811 
7.2804 
7.2787 
7.2854 
7.2756 
7.2875 
7.2716 
7.2708 


Tangentially  .. 

do 

— do 

Longitudinally. 

— do 

— do 


Denaity. 


7.2943 
7.2849 
7. 2819 
7.2805 
7.2776 
7.2717 


TENSILE  STBEN6TH. 


Breeok  ring. 


Specimen. 


Heil-I  . 

Vat-.H. 

Kaa-0.. 

Va]2-0 

Val»~IC 

Ha  14-1. 

Val5-I. 

Vaie-O. 

Val7~0. 


Tenacity. 


34,749 
82,861 
82.715 
81,801 
82,770 
88,268 
82,701 
34,301 
81, 791 


Huszle  ring. 


How  taken. 

Tangentially  ... 

do 

— do 

LongitudinaUy. . 

.  ...do 

do 


Tenacity. 


82,947 
80,168 
80,024 
82,716 
81,881 
82,278 


INITIAL  TENSION. 


Exterior 

diameter 

of  ring. 

Thickness 

of  broken 

section. 

Exterior 
opening. 

Extension 
per  inch 

or  circum- 
ference. 

Initial 
tension. 

Bneeh 

Jnchet. 
8L0S6 
84.125 

Inch. 

Inch. 
.061 
.101 

Ineh. 
.00061158 
.00094 

18,125 
16.190 

Mnlfi       

0.247 

BnuBSs.— The  entire  operation  and  superintendence  of  and  responsibility  for  the  casting  were 
■licr  the  direction  of  the  Ibunders,  and  the  only  saperrision  exercised  by  the  inspectors  was  uiat  re- 
ISbtd  by  the  comtraot,  so  fhr  as  it  prorides  for  !nsi»ectton  at  every  stage  of  the  manufacture. 

4625  OSD ^11 
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[FinUhed  diamstar  sf  ban 


Fnwirlbed  dUmaln  of  bore  =  >.M  InohH.] 


i 

1 

1 

I 

j 

1 

1 

1 

1 

li 

i 

] 

IS 

sss 

8  850 

8;  850 

IB* 

S.SIB 
9,949 

S.SIS 

14t     10 

34<     10 

810 

10.  tu 

10.810 

» 

■».'»» 

"ilaiV 

ua 

8  SIS 

9,951 

191 

S.9U 

8S40 

247     10 

10.811 

7 

B.MI 

8860 

8  861 

181 

8  848 

891* 

248     10 

810 

18110 

8.  MS 

siseo 

8S50 

ft»49 

SSI* 

24*     10 

18  111 

9,S4S 

S9H 

s,sis 

9. 951 

8  948 

ftSIB 

IH     10 

808 

IS.  no 

11 

B.BN 

S7 

8H8 

8160 

1S« 

8  848 

9  918 

XI     10 

808 

10.111 

8  84S 

8860 

8*48 

251     10 

80* 

sIms 

0,8S1 

181 

S,S4S 

9.951 

8  918 

3:949 

163     10 

1ft  lU 

IS 

8BU 

IS8 

264     11 

808 

s!b») 

8BiS 

8S0 

23 

s.ww 

sisji 

1S7 

8  848 

990 

WW 

9:949 

ftSM 

2S8     1< 

811 

10.811 

M 

ISS 

8S48 

9  949 

B.BSO 

8B4S 

101 

9.948 

268      1< 

io:8ii 

8.890 

8  851 

8S4S 

K» 

8  949 

ft949 

2W     10. 

810 

10.811 

S.SM 

8.948 

W4 

8  949 

ft  949 

MO     11 

808 

10.  IN 

sisM 

8.890 

950 

106 

8  848 

ft  918 

8015 

10.  Mi 

» 

8.8M) 

8  850 

14S 

8:848 

860 

Kt 

8  848 

ft  848 

201     II 

803 

10.805 

9,S4S 

!«3     10 

801 

10.  wt 

at 

sIms 

8  890 

8»4» 

850 

108 

8:848 

9  948 

H4     10 

804 

1ft  801 

41 

B.850 

8  84S 

860 

108 

ft  948 

206     1( 

806 

10.  a» 

8  SIS 

8,850 

8S4S 

80« 

u 

9,850 

8S4S 

950 

111 

9  949 

m    n 

BM 

lftl07 

4T 

s!b6o 

B.850 

8S48 

MS     11 

803 

IftlOl 

8S4S 

ft  8*9 

803 

s.sts 

8  HO 

157 

8B4S 

8  949 

lU 

9:848 

ft  949 

J7S     1< 

803 

IftM* 

ES 

8.S30 

8  850 

8  848 

8848 

8  848 

808 

1ft  104 

S.S1S 

8  8U 

8  84S 

8  850 

18104 

87 

8S4S 

S.S50 

ISO 

8  SIS 

S.SM 

117 

8  848 

278     11 

10. 8n 

S» 

8850 

80S 

10.  M 

8BB0 

in 

8948 

8  850 

8  848 

9:848 

BW 

10.101 

OS 

8SW 

8  830 

la 

S.848 

8  8611 

no 

8  948 

ft  848 

270     U 

803 

10.804 

w 

S.BU 

S.S4S 

ni 

8  SIS 

8  945 

277     11 

803 

11(04 

S.S50 

8B5S 

105 

S.»t8 

8  849 

223 

884S 

8848 

803 

10.804 

TO 

8.SM 

8  850 

IM 

9  849 

123 

S.S47 

8  848 

178     I. 

801 

IftSOl 

S-SfiO 

8SM 

s 

8948 

280     10 

801 

18  801 

TS 

s»» 

s.sso 

158 

8!  848 

sea 

8  SIT 

8848 

281      10 

801 

1ft  801 

76 

s.sso 

ssfio 

108 

8  848 

mo 

281      1( 

801 

iftBoa 

SiSM 

S.SM 

Ml 

IftM* 

H 

ISM 

ssso 

171 

8  848 

950 

SIS 

.^"of 

284      U 

803 

1ft  aoa 

SI 

S.9S0 

8  848 

229 

Not 

■ft  in 

St 

S.9U 

"b."" 

IM     II 

802 

1ft  801 

S.84I 

S.HO 

174 

8.B48 

9*9 

231    1 

vn    10 

1ft  801 

■« 

183 

288      10 

801 

1ft  aot 

«t 

8S4S 

18S    la 

801 

iftiti 

SI 

sisM 

t.KO 

177 

IM 

18S     ID 

803 

IftlR 

ft  SIS 

2M. 

8  791 

291     10 

803 

IftlOl 

bIbu 

8!830 

8749 

8:848 

335 

10.  810 

8830 

29!      11 

7S8 

1ft  got 

S7 

8.StS 

9,850 

leo 

138 

800 

IftBOl 

w 

9.HS 
8  8tS 

ft!  848 

881S 

■   233 

10  811 

0  810 

2S4     11 

286     10 

799 

800 

IfttOl 

103 

8  818 

1S3 

238 

o:si2 

290      1( 

800 

ifteoi 

lOS 

240 

10: 80S 

800 

10.801 

107 

341 

0:813 

293     1( 

10,801 

lOS 

8«0 

109      10 

S;S4S 

S'SM 

800      10 

803 

m 

8  849 

188 

9:94. 

949 

34« 

10: 810 

0:8I3 
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m.— Caliper  rtoord  of  meUrior  of  caaUrim  body  of  lO-inch  wiro-wrapped  breoek- 

Joading  rifle. 


BIAHETSB8. 


B 

t 


AotnaL 


73 
116. 75 
ia6w75 
186u75 
14IL75  i 
154. 75  I 
156        I 
157 
156 
159 
160 

161  ' 
162 
168 
164 
165 
166.75 
167 
160 
171 
17S 
175 
177 
179 
181 
183 
185 
187 
189 
191 
198 
199 
197 
199 
201 


206 

207 

209 

211 

213 

215 

217 

218.75 

219 

220 


225 


231 
233 
235 
237 


241 
243 
245 
217 
249 
251 
253 
255 
257 
250 
261 


19 


80.5 

81.25 

8L25 

8L25 

8L25 

8L25 

8L25 

81.85 

81.35 

81.25 

3L25 

81.25 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 


28 

28 

28 

28 

26 

28 

28 

28 

28 

28 

28 

28 

28 

28 

29.7 

29.7 

29.7 

29.7 

29.7 

20.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

20.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 


19. 115 

28.812 

25.988 

28.980 

27.986 

29.841 

80.506 

81.805 

8L895 

8L800 

81.285 

31.290 

81.287 

aL281 

81.282 

8L287 

81.286 

3L285 

2&023 

2a  040 

2&046 

28.048 

2a  0461 

2a  0472 

2a  0478 

2a  051 

2a  0602 

2a  0495 

28.046 

2a  0464 

2a  0458 

2a  0465 

28.0488 

2a  0508 

2a  051 

2a  0528 

28.0538 

2a  0544 

2a  054 

2a  0520 

2a  0508 

2a  0518 

28.0538 

2a  0545 

2a  0375 

29.7875 

29.7882 

20.7882 

29.7875 

29. 7876 

29.7876 

29. 7876 

20.788 

29.7875 

29.788 

29.788 

29.7884 

29.7883 

29.7876 

29.7872 

20. 7865 

29.7858 

29.7855 

29.7868 

29.787 

29.7879 

29.7875 


1 

I 


19.100 
28.808 
25.980 
96  920 
27.987 
29.889 
80.505 
8L286 


81.295 
*8i.'292" 


81.288 


81.289 
2a  032 
2a  045 
2a  059 
2a  051 
2a  060 
2a  071 
2a  064 
2a  050 
2a  058 
8a'065 
2a  061 
2a  051 
2a  063 
2a  050 
8a057 
2a  054 
2a  057 
2a  050 
2a  061 
2a  055 
2a  059 
2a  068 
2a  072 
2a  072 
28.071 
28  065 
28.050 
29 
29.8 
29.798 
29.790 
29.795 
29.789 
29.787 
29. 795 
29.795 
29.796 
29.792 
29.791 
29.793 
29.792 
29.795 
29.791 
29.790 
29.789 
29.791 
29.796 
29.796 
29.790 


±.025 


±.085 


±.025 
+.08 
+.08 
+.08 
+.08 
+.08 
+.08 
+.08 
+.08 
+.08 
+.08 
+.03 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
♦-.  04 
+.04 
+.04 
+.04 
+.04 
+.04 


* 

I 


0 


+.115 


-s012 


+.008 

+.146 

+.145 

+.05 

+.085 

+.04 

+.087 

+.041 

+.042 

+.087 

+.086 

+.085 

+.028 

+.040 

+.046 

+.048 

+.0461 

+.0472 

+.0473 

+.061 

+.0502 

+.0495 

+.046 

+.0464 

+.0458 

+.0465 

+.0488 

+.0508 

+.051 

+.0528 

+.  05H8 

+.0544 

+.054 

+  0529 

+.0508 

+.0518 

+.0583 

+.0545 

+.0375 

+.0875 

+.0882 

+.0882 

+.0875 

+.  0876 

+.  0876 

+.0876 

+.088 

+.0875 

+.088 

+.088 

+.0884 

+.0883 

+.0876 

+.0872 

+. 0865 

+.0858 

+.0855 

+. 0868 

+.087 

+.0879 

+.0875 


.015 

.004 

.008 

.01 

.001 

.008 

.003 

.100 

■  •  •  « 

.005 


.002 


.008 


.002 


.004 

.009 

.005 

.018 

.008 

.0189 

.0288 

.0167 

.006 

.0078 

.0155 

.005 

.0046 

.0072 

.0125 

.0088 

.0032 

.006 

.0062 

.0072 

.0006 

.005 

.0121 

.0212 

.0212 

.0177 

.0105 

.0125 


.0118 

.0098 

.0025 

.0074 

.0014 

.0006 

.007 

.0075 

.008 

.004 

.0026 

.0047 

.0044 

.0078 

.0045 

.0042 

.0035 

.0042 

.009 

.0081 

.0025 


1>7  takSofif  the  difference  between  the  "prescribed  dimensions'*  and  actual  horiiontal  dt 
e  between  the  horizontal  and  vertioal  diameters. 
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TABia  ni.— Caiij>«r  rtDor^  of  ta 


of  oatt-Wo*  bodt  of  10-inoh  tHre-wrappei  irttA- 
rifie — Con  tinned. 


loading 

DIAMETBRS. 


ll 


•Obtalnod  b;  taUoe  the  dlffermoe  b«twwD  the  "prcMiibcd  dimentloiw"  i 
t  DlflirenM  betveeu  tbe  horlxmUl  uid  vertloal  d1 


d  Htaml  horliOBWdl- 


Appendix  24. 


mSTRUCTIOX  REPORT  OF  THE  \2IXCff  CAST-IRON  BREECH-LOADINa 
RIFLE  FABRICATED  BY  THE  SOUTH  BOSTON  IRON  WORKS  DURING 
THE  TEARS  1883-1885. 

By  Capt.  D.  a.  Lylk,  Ordnance  Department,  U.  S.  A. 

(1  plate.) 

TIME  EMPLOYED. 

This  gnn  was  contracted  for  September  24, 1883.  It  was  cast  on  May 
6, 1884,  and  was  finished  and  ready  for  inspection  April  1, 1885.  The 
actual  time  required  for  fabrication  was  ten  months  and  twenty-five 
days,  and  the  total  time  between  the  date  of  the  contract  and  the  time 
of  fioishiog  the  gun  was  eighteen  months  and  seven  days. 

DESCRIPTION. 

This  breech-loading  gnn  is  made  of  cast-iron  with  a  breech  bushing 
rfsteel,  and  is  provided  with  the  interrupted  screw  fermetjire.  The  ex- 
terior outline  conforms  closely  to  the  Rodman  model. 

The  steel  for  the  breech-bushing,  breech  screw,  spindle,  and  lever  waa 
Bade  by  the  Midvale  Steel  Company,  of  Nicetown,  Philadelphia,  Pa. 
The  console  and  hinge-plate  are  of  bronze ;  the  latches,  hinge-pin,  and 
Mnaller  screws  are  made  of  wrought  iron. 

The  dimeusions  of  the  gnu  and  the  details  of  the  breech  mechanism 
are  given  on  the  original  drawings  on  file  in  the  Ordnance  Office. 

PRINCIPAL  DIMENSIONS. 

Total  lenjfth  of  gun inchea. .  360 

Length  of  rifled  portion  of  bore do....  273 

J^gth  of  chamber do 69 

LenfrthofbreecbbnabiDg do....  18 

Total  length  of  bore do....  242 

Ditmeter  of  bore do....  12 

Chamber: 

Total  lengtb do....  71 

Seat  for  base  of  shot  (nnfinisbed) do 

Provisional  length do 2 

Length  conical  part do 0. 5 

Length  c^'Iindrical  part do....  1.5 

Diameter : 

Front  of  cone do 12 

Rear  of  cone do 12. 20 

Cylindrical  part do 12. 20 

Powder  space : 

Length  of  curved  part do 9 

Length  cylindrical  part do 57 

Length  of  seat  for  gas  check do 3 

Total  length do 69 

Distance  spindle  projects  into  chamber do 6. 5 

Length  actual  powder  space do 62.5 
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Exterior : 

Masimnm  diamettr  (over  seat  of  cbarge) inohea..  U 

Diameter  at  mn  Ml  e .do 94 

Diameter  of  oyliadrical  projection  in  rear do 41 

Length  of  cyliudrical  projection  in  rear do S,TG 

Length do.,,.  7 

Diameter do 15 

Biro  bases: 

Diameter  of do....  17 

Distance  between do 56.096 

Distance  fivm  asisof  trunnions  to  muiile do 240. 7S 

Preponderance  (practicMtj') do 

PRINCIPAI.  WKIORTS. 

Total  weight  of  gnn  complete  (estimated)*. tone..  64 

Breech  block pounds  ■■  90A 

Breech  bushing do 1,  ltl6 

Spindle,  cl&inp,  and  bolts do .  195.  S 

Lever  complete do 101 

Console do li7 

Total  weight  brpcch  mechanism do 2,780 

BIPLINQ. 

The  rifling^  is  polygroove,  with  ao  equal  number  of  lands  and  grooves. 
Tho  twist  is  first  increasing  and  then  uniform  to  the  muzzle. 

DtlaiU. 

Nnmberof , 00 

Width inches..      0.448! 

Depth  ..., do..,,      0,oe 

Width  of  lands do....      0.  la 

Kadiasof  fillet-bottoro  of  grooves do....      0,08 

Lands  ronnded  with  radius  of do.,,,       0.01 

Twist  (increasing)  1  turn  in  135  calibers  at  origin  to  1  tuni  Id  40  calibers, 
and  nnifonn  at  3J  inches  from  muzzle  for  the  remainder,  and  1  tnrn  in 
40  calibers. 

Total  lenslh  of  rifled  portion  of  bore inches..  S73 

Length  of  bore  having  increasing  twist do 240 

Length  of  bore  having  uniform  twist do 33 

VENTING. 

The  vent  is  axial  and  coincident  with  the  axis  of  the  spindle.  A  vent 
hnsbiag  is  placed  in  the  front  end  of  the  mitsfaroom  head  of  the  spindle. 
This  bushing  is  of  copper,  cylindrical,  1.5  inches  in  diameter  and  1.6 
inches  in  length,  inserted  into  a  counterbore  in  the  mushroom  bead  by 
pressure. 

The  bottom  of  this  oouuterltore  is  fiuiabed  with  an  annalar  dovetail, 
into  which  the  copper  is  force^l  by  pressure,  thus  locking  the  bashing 
in  its  seat.  The  diameter  of  the  vent  through  the  bashing  is  0.1  inch: 
through  the  rest  of  the  spindle,  0.2  inch.  The  copper  bushing  is  finished 
flush  with  the  tace  of  the  mushroom  head. 

MARKS. 

The  gun  is  marked  upon  the  muzzle  fnue  as  follows :  ■'  i2'inch — 8.  B. 
I.  W.— 1885.— D.  A.  L— Wt.,  54  tons."  The  marking  is  placed  in  » 
circle  concentric  with  the  bore. 
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POWDER  PROOF. 

The  contract  of  September  24,  1883,  provides  that  this  12-inch  rifle 
^' shall  be  subjected  to  a  powder  proof  of  five  (5)  rounds,  each  of  150 
ponnds  of  powder,  with  a  projectile  not  exceeding  800  pounds  in  weight, 
prior  to  its  final  acceptance." 

FABRICATION. 

The  casting. 

The  contract  provided  that  the  casting  for  this  gun  should  ^'  be  made 
hollow,  and  be  cooled  from  the  interior  by  a  current  of  air  or  water  i^ 
that  the  exterior  at  the  same  time  should  be  ^'  kept  hot  either  by  a  fire 
built  around  the  flask  within  the  casting  pit,  or  by  filling  the  space 
between  the  flask  and  the  pit- walls  with  some  suitable  non-conducting 
iDaterial;"  that  the  gun  nhould  be  cast  breech  up,  with  a  sinking  head 
not  less  than  7  feet  long,  and  that  the  casting  should  be  <' sound,  free 
from  cavities,  soft  spots,  and  flaws." 

It  also  provided  that  the  cast-iron  used  should  be  charcoal  pig  of 
standard  quality,  prescribed  by  the  Ordnance  Department  for  the  manu- 
fectare  of  heavy  guns,  and  that  specimens  taken  from  the  lower  end  of 
the  sinking  head  should  have '^  an  ultimate  tenacity  of  not  less  than 
30,000  pounds  nor  more  than  37,000  pounds  per  square  inch."  The  cast- 
ing was  made  with  the  larger  or  breech  end  up,  with  a  riser  of  the  full  di- 
ameter about  7  feet  long.  Th«  form  of  the  casting  was  conoidal,  with- 
out any  swells  or  projections  except  the  trunnions;  consequently,  the 
loQgitadinal  shrinking  of  the  metal  during  cooHug  was  almost  unim- 
peded by  any  extraneous  condition  of  the  mold  or  flask  detrimental  to 
the  integrity  of  the  casting. 

The  charges  for  the  furnaces,  together  with  all  the  details  of  the  cast- 
ing and  cooling,  will  be  found  tabulated  and  appended  to  this  report. 
The  total  charge  as  given  by  the  founders  was  108  tons,  and  the  time 
of  cooling  158J  hours. 

The  physical  properties  of  the  metal  were  determined  from  a  breech 
ring  taken  firom  the  lower  end  of  the  sinking  head  directly  contiguous 
to  the  breech.  A  second  ring  was  taken  later  from  the  muzzle  about 
4  inches  in  front  of  the  face.  This  was  defective  on  one  side,  owing  to 
the  projection  into  the  body  of  the  ring  of  the  wrought-iron  chaplet 
tued  to  center  the  core.  This  caused  one  of  the  long  tangential  speci- 
mens to  be  defective. 

FINISHING. 

In  turning  the  exterior  the  prescribed  diameters  varied  from  -f0''.09 
to— 0".09,  while  the  allowed  variation  is  ±."02.  (See  table  of  "  exte- 
rior diameters  of  body,"  appended,  marked  "  Table  V,''  and  the  note  at 
the  end  of  that  table.) 

In  turning  the  rimbases  the  workman  cut  into  one  of  them  for  a  short 

distance,  making  the  distance  between  them  less  than  it  should  be. 

The  remainder  of  the  rimbase  was  finished  in  accordance  with  the  draw- 
ing. 

.  In  boring  out  the  interior  a  portion  of  the  bore  from  69  inches  to  75 
inches,  estimated  from  the  muzzle,  both  inclusive,  showed  a  variation 
"1  the  vertical  diameter  of  about  0".01  above  the  prescribed  variation. 
Theseatfor  the  breech  bushing  and  the  exterior  of  the  bushing  were  very 
accurately  bored  aud  turned,  and  an  excellent  contact  was  made  at  the 
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front  fuce  and  over  tbe  fillet.  The  rounded  shoalder  bad  no  contact  on 
tlie  curve. 

The  breecb  mecbauiam  was  ina^le  to  conform  ciosely  to  tbe  drawings. 

To  prevent  too  mnch  wear  on  tbe  hinge  a  steel  plate  or  washer  was 
inserted  under  the  hinge  of  the  console.  The  catches  w t're  finished  in 
place.  The  handle  of  the  translating  screw  would  be  more  convenient 
and  easier  on  the  band  if  it  were  movable  on  an  arbor  instead  of  being 
fixed  as  at  present,  and  constrained  to  turn  in  the  baud  in  manipala- 
tion.  Tbe  crank  or  lever-ami  of  this  handle  would  be  better  were  it 
larger,  in  order  to  give  more  leverage.  The  curved  slot  in  the  bushing 
for  the  pinion  of  tbe  vent-cover  is  too  abrupt  at  its  lowest  point,  and  re- 
quires the  operator  to  assist  the  cover  over  this  point  with  bis  finger 
when  tbe  lever  nears  tbe  extremity  of  its  path  to  tbe  right. 

This  defect  has  been  remedied  iu  drawings  for  fnture  constructiona. 

Tbe  lock  for  the  lever  handle  should  have  the  spindle  placed  in  the 
lever  itself,  beveled  more  on  its  striking-taces,  else  the  handle  cannot 
be  rotated.  Tbe  rear  face  of  this  handle,  which  strikes  the  spindle  iu 
the  lever,  should  be  faced  with  uteel,  or  it  will  wear  rapidly  in  service. 

With  the  spring  placed  around  the  spindle  in  tbe  handle,  the  "split 
uut"  is  unnecessary,  if  a  weaker  spring  were  used  the  nut  might  be  a 
valuable  adjunct  to  give  an  initial  compression  to  tbe  spring,  or  if  tbe 
spring  should  set  after  use  it  will  be  advantageous.  It  is  furnished 
with  this  gun,  but  will  probably  be  removed  in  firing. 

The  breech  mechaniani  after  assembly  worked  well,  except  the  vent- 
cover.  The  translating  screw,  when  it  was  tnrued  very  slowly  to  with- 
draw the  breecbblock,  appeared  to  bind  wbeu  tbe  nut  was  about  six 
inches  from  tbe  stop.  When  the  screw  was  rotated  rapidly  this  difiB- 
(julty  was  not  experienced.  No  attempt  was  made  to  change  or  remedy 
this,  as  it  was  thought  best  not  to  delay  ti.e  completion  of  the  gun,  bat 
to  see  if  this  defect  would  cause  trouble  in  manipulation.  If  so,  it  could 
be  determined  whether  tbe  screw  was  too  weak,  and  consequently  would 
bend,  or  whether  tbe  binding  proceeded  from  mechanical  imperfections. 
Tbe  sections  of  the  interru))ted  screw,  both  on  the  block  and  iu  tbe 
b  shing,  bad  the  edges  and  corners  all  rounded. 

The  clearance  for  the  shoulder  of  the  spindle  is  .Ul  inch  all  around 
find  around  the  spindle  itself  the  clearance  is  .02  inches. 

By  an  oversight  the  firing-lock  or  hammer  was  omitted  and  the  gun 
shipped  without  it.    It  can  be  fnrnisbed  if  desired  by  the  Department. 

Physical  Properties. 

bkeech  king. 
Mean  Icnaiiliei  and  mean  dtn4iiit». 

I  Sptclmens.  ■    Density.      Tenicily. 

!  Mo.  of         How  Ukon.        I    Numbcn.    j  i  ' 

a      '  TMEfntUlLv l,I,ui<13'         T.K9T  '  U348  , 

I        >      '  IrimkiluaiDally  ...   12.I3.iDdl4  T.SSII  84211' 

3        KkilUUy 30.21, midSS  T.3234  34118 
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Maximum  and  minimiifii  tenacities  and  deneitiee. 


\      Specimens. 

DenettiM. 

Tenaoitiei. 

How  takeo. 

Haziranm. 

Minimum. 

Haximam. 

Minimum.    ' 

Taosentiftllj 

leDcitadin&lly  . . . 

7.3725  0 
7.8771  I 
7. 3574  0 

7. 2867  M 
7. 2718  M 
7.2875   I 

88438  0 
38236  I 
84630  0 

2M9DM 
80947  M  ; 
88218    I  1 

1 

AbbreTiations :  0=ii»ecimen  taken  from  exterior  of  rinf^;  I^speciroen  taken 
from  Interior  of  ring,  next  the  bore ;  M  "  specimen  taken  from  middle  of  ring. 


Initial  tension. 


Eitehor  diameter  of  ring inches. 

Width  of  slot,  before  rnptnre do... 

Width  of  slot,  after  ruptnre do... 

Total  extenaion  on  exterior do . . . 

ExteDsioQ  per  linear  inch  on  exterior do . . . 

Initial  teiusion pounds. 


57.15 

.5 

.6615 

.1615 

. 0008d9511 
15, 750 


WATERTOWN  TESTS. 

Tensile  strength. 
SpccimeDs: 

Number  of 2. 

Length  of  specimen  between  datum  lines inches. .  28. 5 

Diameter do....     1.129 

Area  of square  inches..     1 

Hardness inches  - .   15.  82 

Specific  gravity do....     7.2394 

Ultimate  strength  at  rnpture : 

Watertown  No.  422  (S.  B.  I.  Works,  No.  4)=25,000  pounds  per  square  inch. 
Watertown  No.  423  (S.  B.  I.  Works,  No.  5)=26,970  pounds  per  square  inch. 

Theije  two  tensile  specimens  were  taken  from  tlie  breech  ring.    They 
were  taken  out  tangeatially  and  next  to  the  bore. 


MUZZLE  RING. 


Initial  tension. 


25.76 
.49 
.50 
.01 

.  000123 
3,5«0 


Exterior  diameter  of  ring inches. 

Width  of  slot,  before  rnptare do... 

Width  of  slot,  after  rupture do... 

Total  extension  on  exterior do... 

fixtension  per  linear do... 

Initial  tension  inch  on  extension pounds. 

The  initial  tension  (3,500  pounds)  above  given  is  bfised  upon  the  tests 
of  the  longitudinal  specimens  taken  from  the  breech  ring. 

The  tests  of  the  specimens  from  the  muzzle  ring  were  all  made  at 
Watertown  Arsenal  and  have  not  yet  been  received  at  this  office. 

Center  op  Gravity. 

The  gun  was  designed  to  be  without  preponderance,  hence  the  axis 
of  the  tmnnions  had  to  be  so  placed  as  to  intersect  the  axis  of  piece  at 
toe  center  of  gravity. 
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DETEEMINATION. 

(1)  By  calculation, — The  calculated  position  of  this  center  was  deter- 
mined by  assuming  the  guu  to  be  homogeneous  cast-iron  and  to  have  the 
steel  bushing  and  steel  breech  block  in  place.  The  weights  of  the  bash- 
ing and  block  were  calculated  by  aBsamiug  the  average  density  for 
homogeneous  gun  steel.  In  this  determination  the  console,  lever,  hanger, 
and  spindle  were  neglected. 

This  method  placed  the  center  of  gravity  of  the  gun  239.8  inches 
from  the  muzzle. 

(2)  Sy  balancing  wooden  model  one-tenth  size. — A  model  was  made  of 
hard  pine,  with  the  breech  block  of  the  samematerial.  The  wood  need 
for  this  model  was  as  uniform  in  textnre  as  could  be  procured,  and  the 
model  was  one-tenth  dVtb}  the  size  of  the  finished  gnu  with  the  trun- 
nions omitted.  The  mass  of  the  trunnions  being  symmetrically  dis- 
posed about  the  center  of  gravity  would  not  affect  its  position. 

This  model  was  then  balauced  on  a  knife  edge,  keeping  the  bore  hori- 
zontal, and  the  distance  of  the  center  of  gravity  from  the  muzzle  meas- 
ured. By  this  method  the  center  of  gravity  of  the  gun  was  240  inches 
from  the  muzzle. 

(3)  By  balancing  the  fjun  itself. — It  was  deemed  desirable  to  determine 
the  center  of  gravity  as  accurately  as  could  be  done  byezpedment,  in 
order  to  check  the  results  of  cahiulation  aud  determine  what  variation 
wonid  be  found  due  to  variations  in  density,  in  departure  from  the  pre- 
scribed dimensions  in  msnufacture,  &c. 

For  this  purpose  the  gun  was  finished  upon  the  exterior  and  interior, 
the  breechblock  and  bushing  inserted,  the  console  hung  -jpon  the  rear 
end  so  that  its  center  of  gravity  occupied  the  same  position  as  when  the 
mechanism  should  be  assembled,  and  the  trunnions  were  "rough  turned," 
leaving  the  diameter  as  great  as  possible.  The  projection  on  thebusblng 
intended  to  engage  the  lever  on  the  final  assembly  of  the  parts  was  left 
necessarily,  but  its  weight  was  offset  by  the  omission  of  the  lever  and 
hanger.  The  trunnions  were  leveled  on  sections  of  railroad  iron  and 
the  axis  of  the  bore  made  horizontal.  The  breech  was  supported  by  a 
rope  suspended  from  a  hook  attached  to  a  scale-beam  so  as  to  weigh  the 
preponderance  directly.  The  rope  was  placed  in  contact  with  the  face 
of  the  breech.  The  distance  from  the  face  of  the  breech  to  the  cttnter 
of  the  rough  trunnions  was  measured.  No  platform  scales  of  sufficient 
capacity  to  weigh  the  gun  being  available, its  weight  had  to  beassumed. 
The  weight  determined  by  calculation  was  54  tons,  of  2,000  pounds  each, 
or  108,000  pounds.  The  diagram  (not  drawn  to  scale)  and  notation 
given  below,  exhibit  the  method  pursued. 


M=mnzzle;  B=breech;  M  Bsaxis  of  gun;  D=center  of  rough 
trunnions;  0=center  of  gravity  of  gun  ;  P= preponderance  referied 
to  center  of  rough  trunnions,  determined  by  the  steelyards  ;  P'=coni- 
poneut  of  the  weight,  acting  at  D,  obtained  by  ditference;  W=weight 
of  gun  (calculated);  a=measured  distance  from  center  of  rough  trun- 
nions to  face  of  breech ;  J=distance  center  of  gravity  in  rear  of  center 
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of  rough  trannions;  a — d?a>di8tance  of  center  of  gravity  from  face  of 

breech. 
Then 

W= 108,000  pounds.  P=864poand8.  a=120.2  inches. 

Hence  * 

P'=W— P=108,000— «64=107,136  pounds. 

Now, 

Pa 
W:P::a:x=^ (1) 

Or  108,000  lbs. :  864  lbs.  ::  120^'.2 :  a7=0'^9616=distance  of  center  of 

gravity  in  rear  of  axis  of  rough  trunnions. 
And 

a-dr=120".2— 0".9616=119".2384=distance  of  center  of  gravity  from 

breech. 
And 

W:F'::a:y~^ (2) 

or  108,000 :  107,136 ::  120''.2 :  y=119''.2093=di8tance  of  center  of  gravity 
•  from  face  of  breech. 

Ora— y=120''.2— 119.2093c=a/=0".9907=distance  of  center  of  gravity 

of  gun  in  rear  of  axis  of  trunnions. 

These* values^of  x  show  a  diflPerence  of  0".0291,  which  is  reasonably 
dose.considering  the  coarse^means  of  measurement  and  weighing.  The 
lesser  value,  0'^96+  was  assumed  to  be  the  distance  that  the  axis  of 
the  traDnions  should  be  moved  to  the  rear.  But  the  diameter  of  rough 
tninmon8=16''.9;  diameter  of  finished  trunnions=rl5'^;  difference=l".9; 
i  diffe^ence='^95=the  greatest  distance  the  trunnion  axis  could  be 
moved  towards  the  rear. 

The  axis  of  the  trunnions  was  then  ordered  to  be  placed  as  far  to  the 
lear'as  the  metal  would  allow,  consistently  with  proper  finishing.  This 
distance  was  found  to  be  only  ''.95  instead  of  ''.96  as  required  by  calcu- 
lation.  This  places  the  axis  of  the  trunnions  at  119.25  from  the  breech. 

BECAPITULATION. 

Distance  of  center  of  gravity  from  muzzle  of  piece  as  determined. 

Inches. 

1.  By  calcQlation^  as  per  drawing =239. 8 

*.  By  balsDcing  wooiien  model  /^  size =240. 0 

3.  By  balancing  gun  and  snbseqaent  computation =240. 76 

4.  Actaal  position  of  trannions =240. 75 

BEMABKS. 

The  greater  part  of  the  measurements  upon  this  gun  were  made  by 
Lieut.  H.  D.  Borup,  Ordnance  Department,  U.  8.  A.,  Assistant  In- 
spector of  Ordnance  at  this  foundry,  who  has  also  rendered  valuable 
assistance  in  the  preparation  of  this  report. 
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Table  YI. — Record  of  meaiuremenU  with  itar  gauge  of  12'inch  eaat-iron  B,  L,  rifle. 


1 

Diameter  of  bore. 

M       1 

a 

t4 

s  from 
e. 

Diamete 

r  of  bore 

tk 

•2      1 

va 

•c 

Diameter  of  bore. 

a 

•  (0 

• 

• 

o 

h4 

d  S 

P-4 

5 

• 

• 

3 

• 

u 

2a 

a 

o 

H 

1 

1 

2  S3 

■5a 

§ 

N 

1 

1        « 

1  «  fl 

§ 

N 

1 

« 

«0 

•c 

r 

g 

« 

•E 

•e 

5 

:    • 

c 

t: 

8 

•»< 

o 

<D 

o8 

.«« 

o 

9 

«       1 

1  vH 

o 

« 

.9 

ft 

w 

{> 

.p4 

Q 

H 
Inehet. 

Inches. 

5    ; 

Inches.  ! 

1 

In. 

H 

Inches, 

In. 

Jfiehee. 

Inches. 

Inehet. 

;  In. 

Im^es. 

Inches, 

1 

12.001 

11.999 

12. 120 

74 

11.999 

12. 014 

12. 

118 

147 

12.000 

12.001 

.  12. 119 

2 

12.001 

11.999 

12. 120 

'     75 

11.999 

12. 013 

12. 

118 

148 

12. 000 

12.001 

12.119 

3 

12.001 

11.999 

12. 120 

!     7« 

12.000 

12.011 

12. 

118 

149 

12.000 

12.000 

12.119 

4 

12.  001 

11.999 

12.119 

77 

12.000 

12.007 

12. 

118 

150 

12.  000 

12.001 

12.1195 

5 

12. 002 

11.999 

12.119 

78 

12.000 

12.011 

12. 

1185  ! 

151 

12.000 

12.001 

12. 1195 

6 

12.001 

11.999 

12. 120 

•     79 

12.000 

12.  009 

12. 

118     . 

152 

12.000 

12.001 

12. 118 

7 

12.001 

11.999 

12. 120 

'     80 

12.  000 

12.  009 

12. 

118    , 

153 
154 

11.999 

12.001 

12. 118 

8 

12.  002 

11.  999 

12. 119 

i     81 

12.  OUO 

12. 009 

12. 

118    ' 

11.999 

12.  OOO 

12.118 

9 

12.002 

11.999 

12.119 

82 

12.  000 

12. 009 

12. 

118 

155 

12.000 

12  001 

12.118 

10 

12. 001 

11.999 

12.119 

83 

12.  000 

12.  009 

12. 

118  : 

156 

12.000 

12. 001 

12.118 

11 

12.001 

11.999 

12.119 

i     8* 

12.  000 

12.009 

12. 

118 

157 

12.000 

12.001 

12.118 

12 

12.000 

11.998 

12. 120 

85 

12.  000 

12.  008 

12. 

117    : 

158 

11.999 

11.999 

12. 119 

13 

11.999 

11.  998 

12. 120 

86 

12.  001 

12. 008 

12. 

118 

159 

11.999 

11.999 

12.119 

U 

11.999 

11. 998 

12. 120 

•     87 

12.  001 

12. 007 

12. 

118 

160 

11.999 

11.999 

12.120 

15 

11.999 

11.998 

12. 120 

'     88 

12.001 

12.  006 

12. 

118 

.    161 

12.000 

11.999 

12.121 

16 

11.999 

11. 998 

12. 120 

1     89 

11.  998 

12.  013 

12. 

119 

162 

12.000 

11.999 

12. 119 

17 

11.999 

11.  998 

12.119 

90 

11.999 

12. 013 

12. 

118    , 

163 

12.000. 

11.998 

12.120 

18 

11.999 

11.998 

12.119 

91 

11.999 

11.999 

12. 

118    ' 

164 

12.000 

11.998 

12.120 

19 

12.000 

11.998 

12.119 

:     92 

11.998 

11.998 

12. 

118 

165 

12.000 

11.999 

12. 119 

20 

11.  098 

11.99H 

12.119 

;     93 

11.999 

11.998 

12. 

il8 

166 

11.999 

11.998 

12.118 

21 

12.  000 

11.998 

12.119    I 

94 

11.999 

11. 998 

12. 

118 

167 

12.001 

11.998 

12.118 

22 

12.000 

11.999 

12.  119 

95 

12.000 

12.000 

12. 

118 

168 

12.001 

11.909 

12. 118 

23 

12.000 

11.999 

12.119 

96 

12.000 

12.  000 

12. 

118 

169 

12.  001 

12.001 

12.118 

24 

12.000 

11.999 

12. 120 

i     ^7 

11.999 

12.000 

12. 

118 

;    170 

12.001 

12.001 

12.118 

25 

11.  999 

11.999 

12. 121 

98 

11.999 

11.  999 

12. 

119 

'    171 

12.000 

12.000 

12.119 

26 

11.998 

11.999 

12.120    < 

99 

11. 998 

11.990 

12. 

119 

172 

12.000 

12.001 

12.119 

27 

11.998 

11.999 

12.120    1 

100 

11.998 

11.999 

12. 

1185 

173 

12.001 

12.001 

12.120 

28 

11.  998 

12.000 

12.120 

!    101 

11.  998 

11.999 

12. 

119    , 

174 

12.000 

12.  002 

12.120 

29 

11.998 

12.002 

12.118 

!    102 

11.9985 

11. 999 

12. 

119    1 

175 

11.  9995 

12.002 

12.121 

30 

11.998 

12.  002 

12.118 

103 

ll.!)98 

11.999 

12. 

119 

176 

12.000 

12.001 

12.121 

31 

11.998 

12.  002 

12. 118 

;    104 

11.998 

11.999 

12. 

119 

177 

12.  000 

12.002 

12.121 

32 

11.998 

12.  002 

12.118    , 

,    103 

11.998 

11.999 

12. 

120 

178 

12. 000 

12.002 

12.120 

33 

11.998 

12.  002 

12.117     t 

,    106 

11.999 

11.998 

12. 

119 

179 

12.  000 

12.001 

12.121 

34 

11.998 

12. 002 

12.117    ' 

107 

11. 998 

11.998 

12. 

119 

180 

12.000 

12.001 

12.110 

85 

11.998 

12.  002 

12. 118 

!    108 

11.998 

11. 998 

12. 

119 

181 

12.000 

12.000 

12.118 

86 

11.998 

12.  001 

12. 118 

1    109 

11.999 

11.998 

12. 

118 

182 

11.999 

12.000 

12.120 

37 

11.  999 

11.999 

12. 118 

1    110 

11.999 

11.998 

12. 

118 

183 

11.999 

1LP09 

12.119 

88 

11.999 

11. 998 

12. 118 

111 

11.999 

12.000 

12. 

118 

1    184 

11.999 

11.998 

12.120 

39 

11.999 

11.999 

12. 119 

i    112 

11.999 

11.999 

12. 

118 

,    185 

11.999 

11.999 

12.120 

40 

11.999 

12.000 

12. 119 

,    113 

12.  000 

11.999 

12. 

118 

186 

11.999 

12.000 

12.119 

41 

11.999 

11.999 

12. 120 

114 

12.000 

11.  999 

12. 

119 

187 

11.999 

12.000 

12.119 

42 

11.998 

11.  999 

12. 120 

'    115 

11.999 

11.999 

12. 

119    ' 

188 

11.998 

12.000 

12.119 

43 

11.999 

11.999 

12. 120 

116 

12.000 

11.999 

12. 

119 

189 

11.999 

12.000 

12.118 

44 

11.999 

11.  998 

12. 118 

117 

11.999 

12.000 

12. 

120 

190 

11.999 

12.000 

12.119 

45 

11.999 

11.998 

12. 118 

118 

11.999 

12.000 

12. 

119 

<    191 

12.000 

11.999 

12.110 

46 

11.999 

12. 000 

12.119 

119 

ll.i)98 

11.999 

12. 

119 

192 

12.001 

11.999 

12.119 

47 

11.998 

12,000 

12. 119 

120 

11.998 

12.000 

12. 

120 

193 

12.  oor 

11.999 

12.118 

48 

11.999 

12.000 

12.119 

121 

12.090 

12.  000 

12. 

120     , 

194 

12.  000 

11.999 

12.119 

49 

'  11.998 

11.999 

12. 120 

122 

11.999 

12.  000 

12. 

119    ' 

195 

12.000 

11.999 

12. 121 

50 

11.999 

11.998 

12. 120 

123 

11.999 

11.999 

12. 

118    . 

196 

12.000 

11.999 

12.120 

61 

11.9C9 

11.998 

12. 119 

124 

11.999 

12.000 

12. 

117 

197 

12.000 

11.909 

12.119 

52 

11.999 

11.999 

12. 120 

125 

12.  000 

12.  000 

12. 

1175 

198 

12.001 

12.000 

12.119 

53 

11.999 

11.999 

12. 120 

'    126 

12.000 

11.999 

12. 

117 

199 

12. 000 

12.999 

12.119 

54 

11.999 

12.  OOS 

12. 119 

'    127 

11.999 

11.999 

12. 

117 

200 

12.000 

11.999 

12. 120 

55 

11. 999 

12.  005 

12. 119 

I    128 

12.000 

1 1. 999 

12. 

118 

'    201 

12.000 

11.999 

12.119 

56 

12.000 

12.  004 

12. 119 

1    129 

12.000 

11.999 

12. 

U9 

I    202 

12.000 

11.999 

12. 1185 

57 

11. 998 

12.  004 

12. 120 

1    130 

12.  000 

11.999 

12. 

119 

203 

12.  000 

11.999 

12.119 

58 

12. 000 

12.  005 

12.120 

131 

12.  000 

11.999 

12. 

120     , 

204 

11.9995 

11.999 

12. 1185 

59 

31.999 

12.  004 

12. 120 

132 

12.  000 

11.999 

12. 

120    \ 

1    205 

11.998 

11.999 

12.119 

60 

12. 000 

12.  003 

12.119    1 

133 

11.999 

12.000 

12. 

120 

1    206 

11.999 

11.999 

12.119 

61 

11.999 

12.000 

12.119    I 

134 

12.  000 

12.000 

12. 

119 

I    207 

11.998 

12.  000 

12.118 

62 

11.999 

12. 0005 

12. 119 

135 

12-  000 

12. 000 

12. 

119 

208 

11.998 

12.000 

12.119 

63 

11.999 

12. 0005 

12. 119 

136 

12.000 

12. 000 

12. 

118 

,   209 

11.998 

12.000 

12.119 

64 

11.999 

12.  0005 

12.119 

137 

12.000 

12.001 

12. 

118 

'    210 

11.998 

12.000 

12. 119 

65 

11.998 

12.003 

12.  118 

138 

12.000 

12.001 

12. 

118 

211 

11.998 

12.000 

12.119 

66 

11.999 

12.004 

12.  119 

.    139 

12.001 

12.001 

12. 

118 

212 

11.998 

12.000 

12. 1185 

67 

12.  001 

12.  008 

12. 120 

140 

12.  000 

12.  000 

12. 

1175 

213 

11.998 

12.000 

12.118 

68 

12.002 

12. 009 

12. 120 

141 

12.  000 

12.000 

12. 

118     ' 

214 

11.998 

12.000 

12.119 

69 

12.  002 

12. 012 

12. 119 

142 

12.000 

12.  000 

12. 

119    , 

;    215 

11.996 

12.000 

12.119 

70 

12.  000 

12. 013 

12. 119 

143 

12. 000 

12.000 

12. 

119    1 

216 

11.998 

12.000    1 

12.118 

71 

11.999 

12.014 

12.119 

144 

11.999 

12.001 

12. 

119    j 

i    217 

11.998 

11.999 

12.117 

72 

12.000 

12,  015 

12.119    j 

145 

11.999 

12.001 

12. 

118 

218 

11.998 

12.000 

12.118 

73 

12.000 

12.015 

12.119    ' 

146 

11.999 

12.001 

12. 

120 

219 

11.998 

11.999    1 

12.1175 

^^O^RT    OF   THE    CHIEF   OF   ORDNANCE. 


173 


TiBUa   VI. — Record  of  meaauremenUf  fo. — Continued. 


DIuDeteTofVore. 


W 


a 


II 


Diameter  of  bore. 


•c 

, 

0"5 

H        \ 

-* 

A       \ 

RH 

S 

<9 

* 

•.fi 

« 

• 

f*       \ 

m      1 

fe       ' 

« 

s 

I 


^ft>    Jncfcn. 

^  11.  S 
11.998 
11.998 
11.098 
1L998 
1L988 

2Mi  11908 

tt7;iL9e8 


Bl 


87 


Inehet. 

12. 118 

12.1185 

12.121 

12.1205 

12.1205 

12.121 

12.121 

12.121 

12.121 

12.1185 

12.118 

12. 118 

12. 121 

12.122 

12. 121 
12.121 
12. 1215 

12. 122 
12.121 
12.121 
12.121 
12.121 
12.121 
12.120 
12.120 
12.120 
12.1206 
12. 121 
111205 
12.1205 
12.121 
12.122 
12.121 
12.121 
12.122 
12.121 
12.122 
12.122 
12.121 
12.121 


In. 

260 

261 

262 

263 

264 

265 

266 

267 

268 

268 

270 

271 

272 

273 

to 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

801 

302 

303 

804 


Inehei. 
12. 000 
12.000 
12.600 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.000 
12.  000 
12.000 
12.000 
>  12. 000 
J  Front 

13.499 
18.499 
13.498 
13.499 
13.497 
13.498 
13.498 
13.497 
13.496 
13.495 
13.496 
13.497 
13.495 
13.497 
13.497 
13.497 
13.498 
18.497 
13.498 
13.407 
18.497 
13.497 
1&497 


Inches. 

11.999 

11.999 

11.999 

11.999 

11.990 

11.999 

12.000 

11.999 

11.999 

11.998 

11.998 

i  11.998 
11.998 

I  11.998* 
slope  of  c 


Inehet. 
12. 121 
12. 120 
12. 120 

12. 120 

12. 121 
12.120 
12. 1205 
12. 1205 
12. 121 
12.120 
12.121 
12. 121 
12. 121 
12. 120 

h  amber. 


Diameter  of  bore. 


3 

1 


In, 

305 

306 

307 

308 

809 

310 

311 

312 

318 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

826 

327 

828 

829 

330 

831 

332 

333 

834 

335 

336 

837 

338 

339 

340 

341 

342 

343 


Inehti. 

13.497 

13.497 

13.497 

13.497 

13.497 

13.497 

13.496 

13.497 

13.496 

13.497 

13.497 

13. 498 

13.497 

13.498 

13.497 

13.497 

13.497 

18. 498 

13.498 

13.498 

13.498 

13.497 

13.498 

13.498 

13. 498 

13.497 

13.497 

13. 498 

13.498 

13. 498 

13. 498 

13.498 

13.497 

13.497 

13.497 


I 


Inehig. 


Inehss. 


Rear  slope  of  chamber. 


Tabu  L—Staiement  of  fabrication  of  ordnance  for  the  service  of  the  United  States  by  the 
Sntk  Boston  Iron  Worker  at  the  South  Boston  Foundry,  under  the  supervision  of  Capt, 
i)'  A.  Ljile, 

[12-iiioh  oast-iron  B.  L.  B.  gnn.    Cast  Kay  6, 1884.    Inspected  April  1, 1886.] 


GHABGB. 
Iron  uted. 


Grade  of  iron. 

Furnaces. 

No.  1. 

No.  2. 

No.  3. 

Total. 

1 

,  110.1 

Tons. 
0 
7 
9 
8 
12 

Tont. 
0 
7 
9 
8 
12 

Tons. 
0 
7 
9 
8 
12 

Tons. 
0 
21 
27 
24 
86 

No.2 

No.  8*  bard 

No.  3  soft ............ 

1  Bemelted 

"  1 

Total 

86 

86 

86 

108 

■ 

**  Clasaed  aa  No.  4  Biobmond  at  tbis  foundry. 


OosH 


n|L^-?y*^y^— Not  kept  aoonrately ;  approximately,  65  tons. 
'*«^««»  ^  UH  itWh—^o  record  lEept,  ' 
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Appendix  25. 


CONSTRUCTION  REPORT  OF  THE  12-INCH  CA8TIM0N  RIFLED  MORTAR, 

HOOPED  WITH  STEEL, 

BtCaft.  D.  a.  LiYLB  and  Likut.  H.  D.  Borup,  Ordnance  Department. 

(5  plates.) 

TIME  EMPLOTBB. 

The  cast-iron  body  for  this  mortar  was  contracted  for  under  date  of 
September  24, 1883.  The  mortar  was  finished,  fitted,  assembled,  riiied, 
and  vented  auder  a  contract  dated  June  28, 1884,  and  was  ready  for 
fthipment  November  29,  1884.  Thus,  it  was  1  year,  2  months,  and  5 
days  from  the  date  of  the  first  contract  until  the  finished  product  was 
ready  for  shipment. 

The  time  required  would  have  been  less  had  it  not  been  for  the  delay 
necessary  to  obtain  a  proper  grade  of  iron  and  to  make  experimental 
mjxtarea  for  trial  cylinders. 

DESCRIPTION. 

This  mortar  consists  of  a  cast-iron  body  with  the  reinforce  encircled 
and  compressed  by  two  rows  of  steel  hoops. 

THE  cast-iron  BODY. 

The  body  is  divided  into  the  breech,  reinforce,  shoulder,  chase,  and 
bore. 

The  breech  is  sphero-segmental  with  a  radius  of  34.5  inches.  Its  sur- 
face is  joined  to  that  of  the  reinforce  by  a  surface  whose  radius  of  cur- 
vature is  4.5  inches. 

.  The  reinforce  is  cylindrical  and  extends  from  the  breech  to  the  shoulder 
in  front. 

The  shoulder  is  cylindrical  and  of  larger  diameter  than  the  reinforce, 
to  which  it  is  connected  in  rear  by  a  curved  surface  whose  radius  is  0.26 
01  an  inch. 

The  chase  is  a  frustum  of  a  cone. 

-'■he  bore  is  cylindrical  with  a  cylindro-elliptical  chamber. 

the  steel  hoops. 

^^  are  14  in  number,  consisting  of  13  cylindrical  or  common  hoops 
made  of  Midvale  steel,  and  one  trunnion  ring  or  hoop  made  of  Whit- 
^<^th  steel.    They  are  arranged  in  two  rows  or  layers,  as  follows : 

™8t,or  inside  row,  eight  hoops,  viz :  Ai  A^  A,  A4  A5  Ae  A7  As. 

^^ttd, or  outside  row,  six  hoops,  viz:  Bi  B2  (trunnion)  B3  B4  B5  Be. 

™>ws  A  and  B  are  both  numbered  from  the  front. 
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ALLOWED  VABIATIONS. 

From  prescribed  diameters: 

In  turnicg 0.003 

In  boring 0.003 

From  parallelism  of  ends 0.003 

For  eccentricity 0.003 

For  conicalness 0.003 

From  absolute  shrinkage : 

— -0    000 
Between  the  two  rows  of  hoops \    ,  «    QWi 

For  finishing  out  on  bore \  "r"?  'qqq 

For  finishing  exterior  of  row  B +  0".  02 

Depths  of  rifling : 

Maximam 

Minimnm 0.060 

Joints  or  spaces  between  hoop,  snot  prescribed. 

PRINCIPAL  DIMENSIONS. 

Total  length  of  mortar « Inches..  127. 

Length  of  rifled  portion  of  bore do 92 

Length  of  chamber do 19.25 

Total  length  of  bore do 111.25 

Diameter  of  bore do....     11.998 

Diameter  of  chamber do 11.848 

Thickness  of  metal  at  breech /. do 16.2 

Body- 
Reinforce: 

Length  under  hoops  of  row  A do 65.75 

Length  under  hoops  of  row  B do....     54.75 

Diameter  before  hooping  (approximate) do *'31. 03 

Shoulder — 

Length do 4 

Diameterm do 32.53 

Chase — 

Length do 49.5 

Diameter  rear  base do....     32.53 

Diameter  front  base  (muzzle) do 22.54 

STEBL  HOOPS. 

Row  A  (inside  row) : 

Number  of 8 

Totallength  of  hoops Inches..  65.75 

Diameter  of  hoops — 

Interior do t30.99 

Exterior  (except  Ai) do t35.93 

Thickness do t2.5 

Hoop  Ai: 

Diameter  exterior do t37. 1 

Thickness do....  t3.05 

Row  B  (outside  row): 

Number  of 6 

Total  length  of  hoops Inches..  54.75 

Diameter  of  hoops — 

Interior do t35.89 

Exterior  (except  Ba) do t41.50 

Thickness do....  t2.8 

Trunnion  hoop  (Bs) : 

Length do....  tl4.00 

Diameter — 

Interior do t35.89 

Exterior , do t42.45 

Thickness do t3.28 

*  The  diameter  of  cast-iron  body  varies  for  the  different  zones  under  the  hoops, 
t  Approximate. 
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TrnniLioiiB: 

Length JDobes..  6 

Diameter do....  11.99 

DisUnoe  from  tnmnionB  to  muzzle do....  74.92 

RIFLING. 

The  rifliDg  is  polygrooye,  having  an  eqnal  number  of  lands  and  grooves,  and  with 
the  (wist  fint  increaBtng  and  then  uniform  to  the  mazzle.  ' 

DETAILS. 

QrooTes: 

Number 40 

Width inches..     0.6423 

Depth do 0.0595 

Width  of  lands do 3 

Radios  of  fillet,  bottom  of  lands • do 08 

Lands  ronnded  with  radius  of do 01 

Twirt: 

Increasin|(:  at  origin,  one  turn  in  100  calibers;  at  3.5  inches  from  muzzle, 

1  turn  in  35  calibers 

Uniform:  at  3.5  inches  from  mazzle,  1  turn  in  35  calibers;  at  mazzle,  1 

turn  in  35  calibers ^ 

Total  lensth  of  rifled  portion  of  bore inches..        92 

Length  of  bore  having  increasing  twist do...        88.5 

Length  of  bore  haviog  uniform  twist do...  3.5 

VENTING. 

The  vent  (0.2  inch  in  diameter)  has  a  copper  bashing,  with  a  cyl- 
indrical body  1  inch  in  diameter,  terminating  at  one  end  in  a  screw  of 
8  threads  per  inch,  .98  inch  in  diameter  for  2.875  inches  of  its  length. 
At  the  other  end  is  a  head  0.75  inch  long,  whose  lower  cylindrical  por- 
tion (1.5  inches  in  diameter)  is  flush  with  the  highest  part  of  the  hoop, 
while  the  projecting  portion  is  hexagonal,  to  facilitate  its  removal,  when 
necessary,  by  means  of  a  wrench.  The  lower  end  of  the  vent-bushing 
IB  shaped  to  the  curve  of  the  surface  of  the  chamber. 

POSITION  OF  VENT. 

Dtstftnee  from  bottom  of  chamber inches..    4.95 

DistiDoe  to  left  of  vertical  plane  through  axis do...    3 

V 

MARKS. 

This  mortar  is  marked  upon  the  face  with  the  following  letters  and 
charaeters  placed  in  a  circle  concentric  with  the  bore,  viz :  <'12-In. — S. 
B.  1  W.-.1884.— D.  A.  L.— Wt  30330  Ibs.'^ 

FABRICATION. 

CASTING  FOR  THB  BODY. 

The  oontract  provides  that "  all  these  [four  other  castings  are  included 
in  provisionl  castings  shall  be  made  hollow  and  be  cooled  from  the  in- 
terior (except  as  hereinafter  provided  for)  by  a  current  of  air  or  water, 
the  exterior  at  the  same  time  being  kept  hot  either  by  a  Are  built  around 
the  flask  within  the  casting  pit,  or  by  filling  the  space  between  the  flask 
and  the  pit- walls  with  some  suitable  non-conducting  material,  as  may 
be  desireid  by  the  United  States.  Specimens  of  the  metal  taken  from, 
the  lower  end  of  the  sinking  heads  shall  in  each  have  an  ultimate  tenac- 
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ityofiiotlessthanSOyOOOpoandsnor  more  than  37,000  ponnds  persqaare 
inch.  The  exterior  dimensioDS  of  the  rongh  castings  shall  be  saoh  as 
to  allow  the  finishing  of  the  gans  to  accurately  conform  to  the  dimen- 
sions given  in  the  drawings  hereto  attached,  and  also  to  assnre  a  uni- 
form snrface  when  finished  ;  and  the  castings  shall  be  soand,  free  from 
cavities,  soft  spots,  and  flaws." 

In  addition  to  these  general  specifications,  the  following  pertain  es- 
pecitAly  to  the  body  for  the  12-inch  mortar: 

<<The  casting  for  the  body  for  the  twelve  (12)  inch  mortar  shall  be 
made  breech  down,  and,  inclusive  of  the  sinking  head,  shall  be  nearly 
cylindrical — the  exterior  diameter  at  no  place  being  less  than  at  the 
breech — the  total  length  exclusive  of  the  sinking  head  being  great 
enough  to  allow  for  a  cylinder  eighteen  (18)  inches  long,  to  be  taken 
from  next  the  muzzle.  The  weight  of  the  sinking  head  shall  be  at 
least  one-sixth  {i)  of  the  total  weight  of  the  rough  gun  casting  and 
cylinder.  The  part  of  the  casting  to  which  steel  hoops  are  to  be  ap- 
plied shall  be  turned  to  within  four-tenths  {'^)  of  an  inch  of  the  fin- 
ished diameter }  the  remainder  of  the  exterior  shall  be  finished  turned.'^ 

TBIAL  CYLINDER. 

The  contract  specified  that  'Hhe  cast-iron  used  for  these  guns  [four 
others  were  included  in  same  contract!  shall  be  of  charcoal  pig,  and  of  the 
standard  quality  prescribed  by  the  Ordnance  Department  for  the  man- 
ufacture of  heavy  guns,  the  kinds  and  proportions  of  pig  metal  to  be 
about  the  same  as  shall  be  employed  in  a  trial  cylinder  of  the  usual  form 
and  dimensions  employed  by  the  Ordnance  Department  for  this  par- 
pose  (see  drawing  attached),  to  be  previously  cast  by  the  party  of  the 
first  part  (the  S.  B.  1.  W.)  •  •  •  •  Specimens  from  each  cylinder 
to  show  an  elastic  limit  of  about  11,000  pounds  per  square  inch,  and  an 
ultimate  tenacity  of  not  less  than  30,000  nor  more  than  37,000  pounds 
per  square  inch." 

Several  small  cylinders  were  cast  as  a  preliminary  to  casting  the  trial 
cylinder,  in  order  to  experiment  on  different  mixtures  of  pig-iron,  and 
procure  such  mixture  as  would  fulfill  the  requirements  of  the  contract. 

Four  standard  trial  cylinders  were  cast  before  the  company  were  sat- 
isfied to  submit  one  to  the  Department  for  testing. 

The  third  cylinder  cast  was  selected  by  the  S.  B.  I.  Works  as  the  one 
most  likely  to  possess  the  required  qualities,  and  w:as  turned  over  to 
the  Ooremment  for  testing.  This  cylinder  was  cut  up  and  tested  at 
Watertown  Arsenal,  except  the  tenacity  specimens  given  in  the  appendix 
to  this  report. 

DIMENSIONS  OF  TRIAL  CTLINDBR. 

Length 00 

Croas-seetion^-eUipBe : 

Transverse  axis - 24 

CoDJDgate 16.5 

The  mortar  was  not  cast  until  March  1, 1884,  the  intervening  time 
(five  months  and  seven  days  from  date  of  contract)  being  taken  up  in 
experimenting  on  proper  mixtures  of  iron,  endeavoring  to  procure  proper 
quality  of  pig-iron,  and  in  cutting  up  &nd  testing  the  specimens  from 
the  trial  cylinders,  and  submitting  the  results  to  the  Department  for  its 
action. 

For  furnace  charges,  cooling-table,  and  details  of  casting,  see  appendix. 
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THB  EXPERIMENTAL  CYLINDER. 

An  experimental  cylinder  and  initial  tension  ring  were  cut  from  the 
muzzle  end  of  the  casting.    The  initial  tension  ring  was  cut  for  initial 
tension,  and  then  had  the  necessary  specimens  taken  from  it  for  testing. 
The  object  of  experiments  on  this  cylinder  was  to  ascertain  the  be- 
havior of  the  cas-tirou  and  steel  hoops  under  the  calculated  shrinkages, 
and  learn  what  modifications  would  be  necessary  in  the  application  of 
the  hoops  to  the  cast-iron  mortar  body.    A  separate  report  of  these 
experiments  will  be  forwarded  as  soon  as  it  is  completed. 

The  mortar  body  was  rea<ly  for  the  reception  of  the  hoops  on  April 
19,  except  the  finishing  cut  upon  the  exterior  zones  under  the  hoops, 
which  could  not  be  taken  until  the  hoops  were  finished  and  the  shrink- 
ages determined. 

HOOPING. 
CONTRACT  SPECIFICATIONS. 

In  regard  to  the  hooping,  the  contract  of  June  28, 1884,  specified  that 
"the  hoops  will  be  applied  to  the  cast-iron  body  in  a  horizontal  posi- 
tion, and  for  this  operation  the  party  of  the  first  part  must  supply  a 
suitable  press  to  keep  the  joints  between  hoops  accurately  close<l  while 
the  applied  hoop  is  cooling,  and  a  circular  sprinkling  arrangement  to 
hasten  the  cooling  slightly  at  the  (front)  end  of  the  hoop.  The  heating 
of  the  hoops  for  shrinking  will  be  so  conducted  as  to  insure  a  uniform 
and  not  excessive  temperature— just  sufficient  to  allow  the  hoops  to  be 
slipped  into  place.  During  hooping  a  current  of  cold  water  will  be  cir- 
culated through  the  bore. 

IWSTBUCTIONS  OP  THE  CHIEF  OF  ORDNANCE,  U.  S.  ARMY,  REGARDING^ 

THE  HOOPING. 

"The  diameter  for  the  inner  row  of  hoops  to  be  31  inches  and  for  the 
outer  row  35.9  inches.  The  work  must  conform  to  the  prescribed  dimen- 
sions to  within  the  variations  allowed  by  the  contract.  As  regards  the 
respective  lengths  of  the  hoops,  slight  variations  from. the  prescribed 
lengths  are  allowable,  provided  that  the  sum  of  the  lengths  shall  equal 
the  length  of  the  part  to  be  hooped.  The  distinctive  mark  of  each  hoop, 
as  Ai,  As,  Bi,  &c.,  should  be  preserved,  and  when  turning  for  the  pre- 
scribed shrinkages  the  part  to  be  hooped  will  be  divided  into  zones, 
and  each  zone  be  turned  with  special  reference  to  the  hoop  correspond- 
ing to  it,  observing  the  order  of  the  hoops  shown  in  the  drawing.*  ^ 

MEASUREMENTS  OF  HOOPS. 

After  "facing^  the  ends  of  each  hoop  to  bring  it  to  the  required 
length,  with  the  planes  of  the  faces  parallel,  and  turning  the  interior 
surface,  the  hoops  were  ready  for  the  first  measurement.  The  first  step 
was  to  mark  and  number  four  diameters  45^  apart  upon  one  end,  which 
was  designated!  throughout  the  work  as  <^the  face." 

The  lengths  of  the  hoop  were  measured  both  on  the  interior  and  ex- 
terior at  the  points  where  these  diameters  intersected  the  interior  and 
exterior  circumferences  of  the  hoop. 

The  interior  diameters  were  measured  in  the  planes  of  the  rectilinear 
elements,  cut  oat  by  the  series  of  planes  passing  through  the  axis  and 
the  four  diameters  marked  consecutively,  as  above  stated. 

*  Official  copy  of  blue  print  of  12-incli  M.  L.  R.  mortar,  dated  March  15, 1884. 
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The  four  rectilinear  elements  corresponding  to  the  marked  ends  of 
the  four  diameters  were  oatliued  on  the  interior  surface  of  the  hoop  by 
means  of  a  try-square  and  scratch-awl,  and  then  chalked.  On  each  of 
these  chalked  elements  a  series  of  points  were  marked  with  pencil,  as 
follows:  At  0.1  inch  from  each  end,  and  at  intervals  of  1  inch  from  the 
0.1  inch  poiu  t  next  to  the  marked  face.  The  last  interval,  or  longitudinal 
space,  was  generally  greater  than  one  (1)  inch,  as  the  1-inch  space  would 
bring  it  quite  close  to  the  point  0.1  inch  from  the  bottom. 

The  zones  on  the  exterior  of  the  mortar  body,  and  on  the  exterior  of 
row  A,  were  finished,  turned  after  their  corresponding  hoops  had  been 
bored  or  turned  on  the  interior  and  measured. 

The  measured  interior  diameters  of  the  hoops  and  the  calculated 
shrinkages  form  the  data  for  turning  the  exterior  surfaces  or  zones. 

Four  diameters  and  four  rectilineal  elements  were  similarly  outlined 
and  marked  upon  the  exterior  of  the  body,  and  first  row  of  hooping 
(Eow  A),  to  indicate  the  planes  of  measurement. 

The  lengths  of  the  hoops  were  measured  with  vernier  beam-calipers. 
The  lengths  of  the  zones  on  the  mortar  body  and  exterior  of  Bow  A 
were  measured  with  a  Brown  &  Sharpe  scale. 

The  interior  diameters  of  the  hoops  were  measured  with  adjustable 
"points." 

These  points  are  steel  wires  surrounded  by  a  wooden  body,  to  prevent 
the  heat  of  the  hand  from  expanding  the  metal.  One  end  is  movable, 
and  can  be  screwed  in  or  out  with  a  pin-wrench.  The  lengths  of  these 
"points"  were  determined  after  each  measurement  by  means  of  the 
vernier  beam-calipers  a<lopted  as  the  arbitrary  standajxl  to  which  all 
measurements  were  referred. 

The  exterior  diameters  of  all  zones  or  hoops  were  measured  by  the 
diameter  calipers  furnished  from  Frankford  Arsenal  which  are  sensitive 
to  .001  inch,  and  may  be  readily  estimated  to  .0005  inch. 

(See  diagram  opposite.) 

LIST  OF  MEASUREMENTS  REQUIRED  BY  THE  OPERATIONS  OP  HOOPINa. 

CAST-IRON  BODY  12-INCH  M.  L.  R.  MORTAR. 

Bore» — Horizontal  and  vertical  diameters  should  be  measured  at  the  front  end, 
middle,  and  rear  end  of  each  hoop.  [These  measurements  should  extend  from  the 
bottom  of  the  bore  to  a  point  in  front  of  the  hoops  where  no  further  compression  of 
the  bore  will  take  place  (in  this  case  about  5  inches).  ] 

The«e  measurements  should  be  made  with  the  star  gauge  as  follows: 

(1)  After  boring  to  11.95. 

l^iS  After  application  of  Row  A. 

(3)  After  turning  exterior  of  Row  A  (not  done  in  this  instance). 

(4)  After  application  of  Row  B. 

(5)  After  turning  exterior  of  Row  B. 

(6)  After  finish  boring  to  12  inches. 

(7)  After  rifling:  (a)  Across  lands;  (b)  across  grooves. 

^Exterior. — Zones  corresponding  to  each  hoop  (measured  with  Frankford  diameter 
calipers). 

(8)  Four  diameters  45^  apart  in  each  right  section;  (a)  for  section  0.1  inch  from 
each  end  of  zone;  (b)  for  sections  1  inch  apart  throughout  zone,  beginning  at  a  point 
corresponding  to  0.1  inch  from  marked  face  of  hoop. 

HOOPS. 

Eac^  hoop  he/ore  application, 

(9)  Length  (width)  on  exterior  at  ends  of  4  diameters,  45*^  apart,  with  vernier  cali- 
pers. 

(10)  Length  (width)  on  interior  at  ends  of  4  diameters,  45<^  apart,  with  vernier  cali- 
pers. 
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(11)  Parallelism  of  faces  at  ends  of  4  diameters,  45°  apart  (straight  edge,  try- 
square,  and  above  measurements  are  used  to  determiue  parallelism). 

(12)  Interior  diameters,  four,  45°  apart  for  each  transverse  section  (adjustable  rods 
and  vernier  calipers). 

(a)  At  0.1  inch  from  each  face  (adjustable  rods  and -vernier  calipers). 

(b)  At  1  inch  apart  throughout  whole  length  of  hoop  (adjustable  rods  and  vernier 
calipers).  ' 

AfUr  application  Bow  A. 

(13)  Spaces  between  hoops  equal  opening  of  joints  at  top  and  bottom  (standard 
brass  slips  used). 

(14)  Length  of  row  of  hooping,  top,  bottom,  and  sides  (steel  scale). 

Exterior  diameter-zonea  of  Bow  A  corresponding  to  each  hoop  of  Bow  B, 

(15)  Alter  turning  exterior  Row  A  to  proper  zones  for  Row  B. 

(a)  At  0,1  inch  from  each  end  of  zone  (vernier  calipers). 

(b)  At  1  inch  apart  throughout  zone  (vernier  calipers). 
Row  B  (16,  17,  18,)  same  as  13,  14,  15,  for  Row  A. 

NUMBER  OF  MEASUREMENTS. 


Roops :  Bow  A. 


Hoop. 

Length. 

Interior 
diameters. 

Mortar  zones 
nnder — 

Length. 

Exterior 
diameters. 

Ai 

■ 

28 

Ai 

28 

As 

36 

At 

86 

At 

36 

At 

36 

A4 

86 

A4 

36 

As 

82 

Ai 

82 

Ac 

86 

At 

36 

At 

86 

Ar 

36 

At 

86 

At 

86 

Hoops:  Bow  B, 


B. 

Bt  (tmnnion) 
Bs 

B4 

Bt 

B< 

16 
16 
16 
16 
16 
16 

1 

32 
60 
36 
36 
36 
36 

Correspond- 
ing zones 
of  row   A, 
ander — 

4 

32 
60 
86 
86 
86 
36 

2« 

B» 
Bt 

B4 

B. 
Bt 

Sams   .  r 

224       1       512 

66                 512 

Total .... 

1,304 

' 

Namber  of 
measurements. 

From  above  table 1,304 

Length  of  hooped  surface  : 

Row  A,  at  4  points,  90°  apart 4 

Row  B,  on  top  and  bottom « 2 

Spaces  between  hoops : 

Row  A,  at  4  points,  90°  apart 32 

Row  B,  at  4  points,  90O  apart 24 

Extra  Star-gauge  measurements  of  diameters  rendered  necessary  by  hooping..  192 

Grand  total , 1,558 

N.  B. — These  measurements  are  exclusive  of  those  usually  taken  on  guns  of  same 
fbrm.    The  latter  measurements  are  inserted  in  the  inspection  report,  as  usual. 
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Number  of  men  required  far  ehrinking  hoope  on  12-inoft  M.  L*  B,  meriar. 

Foreman  in  charge  of  men 1 

Taking  temperatures  of  water  in  bore  and  reading  sae-meter 1 

To  adjust  hoop,  tend  heater,  and  adjust  pressure  couar 8 

To  tend  gas  and  blast  cocks  and  manage  hoisting  apparatus 1 

To  tend  the  hydraulic  jack  and  apply  the  pressure 1 

To  handle  the  water  ring — one  on  top  of  tne  mortar  and  one  on  each  side 3 

To  note  the  time  and  superintend  the  various  operations  of  the  hooping 1 

To  record  all  data,  make  notes,  and  verify  the  lengths  of  the  maximum  and  mini- 
mum wires  used  for  measuring  the  expansion  of  the  hoops 1 

Total  number  of  men  required..... 11 

[Note. — ^The  functions  of  the  last  two  men  were  performed  by  the  inspectors.] 

APPARATUS  FOR  HOOPma. 

[  Plates  II-V.  ] 

The  general  arrangement  of  the  apparatus  for  hooping  is  shown  in 
Plates  I  and  II.  Plate  I  gives  a  side  elevation,  and  Plate  II  a  plan  and 
partial  horizontal  section,  of  the  mortar  and  apparatas  at  the  instant 
when  the  last  hoop  of  row  B  was  in  position  on  the  piece,  and  jast  before 
the  adjustment  of  the  water-ring  for  cooling  the  hoop. 

The  mortar  was  placed  npon  a  wooden  cradle  with  the  muzzle  resting 
in  a  transom,  to  which  it  wa«  attached  by  an  iron  strap.  A  bolster  ^vas 
placed  under  it  near  the  cylindrical  shoulder  at  the  rear  end  of  the  chase, 
and  the  rear  end  of  the  mortar  was  supported  by  a  screw-jack  placed 
under  the  turning  tenon.  This  jack  was  removed  by  dragging  to  one 
side  while  the  hoop  and  pressure-collar  were  being  passed  over  the 
piece ;  but  was  replaced  immediately  thereafter. 

^^  The  device  for  cooling  the  bore  is  made  of  iron  in  two  parts,  concen- 
tric, and  so  constructed  as  to  slide  within  each  other  on  an  incline  and 
produce  a  wedging  action  sufficiently  great  to  develop  friction  enongh 
to  retain  the  muzzle-plug  and  support  the  pressure  of  the  water  in  the 
bore.  The  water  enters  through  a  pipe  into  the  chamber  of  the  muzzle- 
plug,  whence  it  flows  through  the  bore,  and  makes  its  exit  by  means  of 
a  pipe  extending  through  the  muzzle-plug  to  within  a  few  inches  of  the 
bottom  of  the  bore.  The  quantity  of  water  is  regulated  by  suitable  stop  - 
cocks. 

The  hydraulic  jack  (power  equal  to  95  to  100  tons)  is  bolted  at  the  base 
to  the  muzzle-plug,  its  piston  presses  against  a  cross-head,  to  which 
the  longitudinal  tension  bars  for  transmitting  the  pressure  to  the  collar 
or  ring  in  rear  of  the  hoop  is  keyed  with  steel  wedges.  The  tension-bars 
have  a  series  of  holes  for  the  insertion  of  the  steel  keys  in  adjusting  the 
lengths  of  the  bars  to  correspond  to  the  positions  of  the  several  hoops. 

The  rear  ends  of  the  tension-bars  are  y-shaped,  so  as  to  engage  the 
slotted  ears  or  pressure-lugs  on  the  sides  of  the  collar. 

The  pressure-collar  is  suspended  by  a  ring-bolt,  to  which  is  fastened  a 
pulley  and  fall  attached  to  a  movable  carriage  on  the  elevated  rail  over- 
head. 

The  hoop  is  similarly  suspended  in  the  heater,  except  that  the  ring- 
bolt is  replaced  by  a  split  ring  of  wrought  iron  for  sustaining  the  hoop. 
This  split  sustaining-ring  is  assembled  at  the  top  by  a  bolt  and  key 
passing  through  two  eyes.  As  soon  as  the  hoop  is  in  position  on  the  piece 
this  key  and  bolt  are  knocked  out,  the  ring  opened  and  moved  forward 
to  be  out  of  the  way  of  the  water-ring  during  the  cooling  of  the  hoop. 

As  soon  as  the  gas  is  extinguished  and  the  hoop  is  swung  clear  of  the 
heater  the  latter  is  shifted  to  one  side  on  the  lateral  railway,  shown  in  plan 
in  Plate  III,  to  enable  the  pressure-collar  to  be  brought  up  from  the  rear. 

The  hoisting  apparatus  is  placed  in  rear  on  a  line  with  the  axis  of  the 
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pieee.    The  stop-cooks  which  rcKcilate  the  gas  and  air  blast  are  placed 
Dear  this  apparatas,  so  that  one  man  can  attend  to  all  three. 

A  2  inch  rubber  pipe  makes  a  flexible  connection  between  the  air  and 
gas  pipes  and  the  gas-furnace. 

The  gas  heater  or  furnace,  Plates  II,  III,  lY,  is  made  of  gas-pipe  let 
into  a  metallic  nave.  It  resembles  a  wheel,  and  has  28  radial  arms  or 
spokes  of  gas-pipe — 14  for  the  outside  and  14  for  the  inside  burners — ar- 
ranged so  that  the  burners  alternate  or  break  joints,  as  it  were,  on  the 
exterior  and  interior  of  the  hoop. 

Each  arm  carries  3  burners,  making  a  total  of  84  burners.  The  aper- 
ture of  each  burner  is  elliptical,  CMSTS  by  0^^8126,  {-^  x  f|-)  ^  ^^ 
bnrners  with  circular  apertures  were  tried,  but  did  not  prove  so  satis- 
&ctory  as  the  flaring  burners. 

Each  radiid  arm  is  made  in  two  parts,  sliding  one  within  the  other, 
for  adjusting  the  burners  to  the  proper  distances  from  the  hoop. 

The  wider  the  hoop  the  more  burners  are  required  on  each  arm. 

The  waler-ring  or  sprinkling  apparatus  for  cooling  the  hoops  is  made 
in  two  curved  segments  hinged  at  their  upper  ends,  so  as  to  open  and 
close  with  facility.  The  segments  are  arcs  of  a  circle  with  60  inches 
radius.  The  front  face  of  each  segment  is  fltted  with  19  movable  gas 
brackets  and  bnrners  placed  4.25  inches  apart,  each  with  a  stop-cock. 
The  usual  silicate  tip  of  the  fish-tail  burner  forms  to  nozzle  for  each  jet 
and  produces  a  thin  sheet  of  water.  When  in  action  the  slits  of  these 
tips  are  all  adjusted  to  coincide  with  a  plane  parallel  to  the  plane  of  the 
gas-pipe  segments,  and  their  juxtaposition  produces  a  thin  sheet  of  water 
completely  encircling  the  hoop,  except  a  small  space  at  the  bottom. 
This  arrangement  enables  the  operator  to  cool  any  particular  section 
of  the  hoop  that  he  may  desire.  Even  with  a  full  head  of  water  not 
more  than  2^  inched  in  length  of  the  hoop  is  cooled  by  this  sheet, 
which  spreads  laterally  upon  impact. 

The  only  trouble  is  in  the  loss  of  the  tips,  which  are  occasionally 
thrown  out  by  the  force  of  the  water,  or  broken  by  striking  the  gun  or 
hoops  in  oscillating  to  and  fro  when  the  whole  surface  of  the  hoop  is 
being  cooled.  Extra  tips  are  kept  at  hand,  and  it  is  but  the  work  of 
an  instant  to  replace  one  broken  or  lost. 

The  water  may  be  let  on  in  both  segments  or  in  only  one,  and  may 
be  shut  off  from  any  particular  jet. 

The  drawings  do  not  show  this  device  in  use.  It  is  hoisted  into  place 
by  the  pulley  and  fall  which  carries  the  suspended  hoop  While  heating, 
and  replaces  the  split  ring  which  encircles  the  hoop,  as  shown  in  Plate 
II,  as  soon  as  the  hoop  is  in  place. 

This  apparatas  was  very  successful  in  its  operation. 

LSKOTH  OF  EXPANSION-RODS    EMPLOYED  FOB  TESTINO  THE  EXPAN- 
SION OF  THE  HOOPS  WHILE  HEATINO. 

B4ho  A, 


Hoopt. 

w       Length  of  rod. 

liAzimam. 

Hinimam. 

ii:::::::: 

A. 

Aa 

l::::::::: 

A» 

At. 

81.1806 
81.1806 
81. 1806 
81.1046 
81.1046 
81.1035 
81.1041 
8L1065 

81.0006 
31.0906 
81.0906 
31.0786 
81.0786 
81.0725 
81  0781 
8L0745 
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The  lengths  of  the  rodd  for  Ai,  A2,  and  A3  are  governed  by  the  exte* 
rior  diameter  of  the  fillet  on  the  mortar  corresponding  to  the  depth  of 
the  groove  accidentally  cut  in  A3.  Their  proper  lengths,  depending  on 
their  own  diameters,  would  have  been  the  following: 


Hoops. 

Length  of  rod. 

Maximum. 

Minimum. 

For  Ai 

Aa 

A. 

81. 1041 
81.1043 
31. 1055 

81. 0781 
81.0734 
81. 0745 

LENOTH  OF  EXPANSION-RODS  EMPLOYED  FOR  TESTING  THB 

SION  OF  THE  HOOPS  WHILE   HEATING. 


Bow  B. 


Hoops. 

Length  of  rod. 

Maximum. 

Minlmnm. 

Bi 

8&0217 
8&0210 
88.0211 
86.0210 
86.0228 
36. 0211 

85.8858 
8&0851 
85.0652 
85.9851 
85.9864 
35.9852 

Bs  (trunnion) . . . 
Bi 

B4..* 

Bs 

B« 

METHOD  OF  HOOPING. 

At  this  stage  of  the  fabrication  the  cast-iron  body  for  the  mortar  is 
supposed  to  be  bored  np  to  within  0^^05  of  the  finished  diameter,  and  the 
zones  into  which  the  exterior  surface  is  conceived  to  be  divided  are 
turned  to  their  prescribed  diameters,  inclnding  the  shrinkages. 

The  necessaiy  measurements  on  the  exterior  and  in  the  bore  have 
also  been  made. 

FIRST  ROW  OF  HOOPS— (ROW  A.) 

Freparatory  work, 

(1.)  Facing  ends  of  hoops  to  make  them  parallel. 

(2.)  Turning  interior  of  hoops. 

(3.)  Measuring  interior  diameters  and  length  of  hoops. 

(4.)  Placing  mortar  on  cradle  in  a  horizontal  position  for  hooping^. 

(5.)  Attaching  water  apparatus  for  cooling  bore. 

(6.)  Placing  hydraulic  jack,  tension -bars,  &c.,in  position  to  hold  hoops 
firmly  in  place  while  cooling. 

(7.)  Suspending  pressure  collar  or  ring  ready  for  use. 

(8.)  Attaching  water  apparatus  for  cooling  hoops  to  rolling  pulley- 
block  ready  for  hoisting. 

(9.)  Placing  and  adjusting  small  railway  for  gas-heater  in  rear  of 
mortar. 

(10.)  Mounting  gas-heater  upon  railway. 

(11.)  Attaching  gas  and  air  blast  pipes  to  heater. 

(12.)  Suspending  and  adjusting  hoop  in  sustaining-ring,  and  attach- 
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ing  latter  to  a  roUiDg  palley-block  ranniog  on  an  elevated  rail  depend* 
ent  from  the  ceiling. 

(13).  Verifying  the  lengths  of  the  maximam  and  minimam  expansion- 
Toas  by  means  of  the  standard  vernier- beam  calipers. 

(14).  Taking  initial  reading  of  gas-meter. 

(15).  Turning  on  water  in  bore. 

(16).  Measuring  number  of  gallons  per  minute  that  flows  through 
bore. 

(17.)  Taking  temperature  of  water  flowing  from  hydrant. 

OPERATIONS. 

The  mechanical  operations  of  shrinking  on  hoops  may  be  divided  into 
three  stages:  1,  Heating;  2,  Putting  on;  3,  Cooling. 

HEATIXO. 

This  consists  in  suspending  the  hoop  in  the  gas-heater  so  that  the 
two  circles  of  gas-burners  (one  around  the  interior  and  the  other  around 
the  exterior  surface  of  the  hoop)  are  placed  at  a  distance  from  the  sur- 
face  of  the  hoop,  varying  from  0".75  to  l'^5,  depending  on  the  pressure 
of  the  gas,  the  pressure  of  the  blast,  and  the  strength  of  the  currents 
of  air  developed  by  the  heating  or  resulting  from  the  wind  pouring 
through  cracks,  doors,  &c.,  in  the  foundry.  These  distances  must  be 
adjasted  to  snit  the  conditions  present  in  each  individual  case,  in  order 
to  get  the  maximum  heating  efiect  per  cubic  foot  of  gas  and  to  secure 
QDiformity  in  heating.  After  adjusting  the  hoop  in  the  heater,  the  gas 
is  turned  on  and  lighted.  The  blast  is  turned  on  immediately  and  ad- 
justed without  delay.  After  heating  a  proper  length  of  time,  deter- 
mined approximately  by  the  previous  trials  with  the  experimental  cyl-' 
inder,  the  degree  of  expansion  is  tested  with  the  minimum  rod.  To  do 
this,  the  hoop  is  swung  forward  clear  of  the  gas-jets  and  one  end  of  the 
rod  placed  just  within  the  edge  at  the  bottom  (as  it  hangs)  of  the  hoop, 
and  then  the  upper  end  is  pa^ed  back  and  forth  parallel  to  the  face  of 
the  hoop  to  find  the  highest  point  at  which  it  should  enter  if  the  hoop 
be  sufficiently  expanded. 

This  measurement  should  be  made  as  quickly  as  possible  to  avoid  un- 
necessary loss  of  heat  by  radiation  and  the  hoop  allowed  to  swing  back 
in  the  flames  until  sufficiently  expanded.  The  hoops  were  heated  until 
the  minimum  rod  entered,  and  then  for  a  further  interval-  determined  by 
the  judgment  of  the  inspector  in  charge.  This  interval  was  in  no  case 
efficient  to  cause  an  expansion  of  the  hoop  great  enough  to  admit  the 
maximum  expansion-rod  for  that  hoop. 

PUTTIKO  ON. 

When  the  hoop  was  expanded  until  its  interior  diameter  fell  within 
jhe  prescribed  limits,  the  gas  was  extinguished  and  without  delay  the 
hoop  was  carried  forward  to  the  breech  of  the  mortar  by  the  rolling  of 
^suspended  pulley-block,  engaged  and  slipped  forward  on  the  mortar 
^h  The  suspended  pressure  collar  or  ring  was  similarly  brought  up 
Jjjd  placed  upon  the  mortar  and  the  two  were  pushed  to  the  front  until 
•Jj^hpop  brought  up  in  its  position' against  the  shoulder  of  the  mortar 
'HxJy  or  the  preceding  hoop.    As  soon  as  the  hoop  was  in  position  the 
tension  bars  were  locked  in  the  pressure  collar  and  the  pump  of  the  hy- 
draulic jack  rapidly  operated  until  the  collar  was  brought  to  a  moderate 
bearing  against  the  hoop.    Just  about  the  instant  of  clamping,  which 
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had  to  be  estimated,  the  fall  presaare  of  the  jack  was  exerted  and  so 
continued  to  be  exerted  until  the  hoop  was  cold. 

To  prevent  loss  of  time  in  a^justiuc:  the  tension  bars,  blocks  whose 
lengths  are  equal  to  the  widths  of  the  hoop  with  a  slight  excess,  are  cut 
and  used  to  adjust  the  lengths  of  the  tension  bars  to  correspond  with 
the  distance  from  the  head  to  the  rear  face  of  the  pressure  collar  when 
the  hoop  is  interposed.  The  keys  are  then  set  in  the  front  end  and  the 
bars  spread  apart  slightly  and  the  blocks  removed.  With  this  arrange- 
ment all  that  is  needed  after  the  hoop  and  pressure  collar  are  pushed  for- 
ward to  their  proper  positions,  is  to  rotate  these  bars  horizontally  toward 
the  mortar  until  they  are  Jully  engaged  in  the  slotted  lugs  on  the  sides 
of  the  pressure  collar.  The  pump  on  the  jack  may  be  operated  immedi- 
ately. 

COOLING. 

.  < 

The  water  was  turned  on  in  the  mortar  to  keep  the  bore  cool,  about 
the  time  the  hoop  was  adjusted  in  the  heater.  After  the  hoop  was  in 
position  and  a  moderate  pressure  applied,  the  water  ring  was  hoisted 
and  lowered  into  place,  encircling  the  hoop.  The  estimated  interval 
for  the  hoop  to  cool  sufficiently  to  clamp  the  piece  lightly  was  allowed 
to  elapse  and  then  the  water  was  turned  on  around  the  front  edge  of 
the  hoop  to  hasten  the  grip  at  that  point.  Meanwhile  the  full  power  of 
the  press  was  exerted  to  keep  the  joints  between  the  hoops  as  small  as 
possible.  The  water  plane,  for  such  it  virtually  was  from  the  method 
of  construction  of  the  ring,  was  at  proper  intervals  moved  successively 
to  a  point  1  inch  in  rear  of  the  front  face,  to  the  middle  of  the  hoop 
and  to  the  rear  end,  pausing  about  one  minute  in  each  position. 

The  ring  was  then  swayed  back  and  forth  so  as  to  deliver  the  water 
from  the  middle  of  the  preceding  hoop  to  the  rear  of  the  hoop  being 
shrunk  on.  This  process  prevented  an  objectionable  rise  of  tempera- 
ture in  the  hoop  previously  applied  and  at  the  same  time  cooled  the 
hoop  operated  upon  rapidly  enough.  This  swaying  of  the  water  ring 
was  continued  until  the  exterior  of  the  hoops  and  gun  were  cold.  The 
temperature  of  the  water  coming  from  the  bore  was  taken  at  intervals 
of  one  minute  throughout  the  operation.  It  was  found  that  the  press- 
ure collar  became  heated  sufficiently  from  contact  with  the  rear  face  of 
the  hoop  to  interfere  materially  with  the  cooling  of  the  hoop.  To 
obviate  this  as  much  as  possible  a  Johnson  hand  force-pump  was  used 
to  throw  a  stream  of  wat^er  around  the  rear  end  of  the  collar  and  to 
keep  the  mortar  body  under  it  cool.  The  oscillations  of  the  water  ring 
were  increased  sufficiently  to  allow  the  water  to  strike  upon  the  front 
end  of  the  collar  and  thus  materially  assist  in  keeping  dowil  its  tem- 
perature. After  the  first  hoop  was  on  and  as  soon  as  the  second  hoop 
was  in  position,  the  water  was  turned  on  at  the  middle  of  the  preceding 
hoop  to  keep  it  as  cool  as  possible,  without,  however,  allowing  the 
water  to  strike  the  heated  hoop  until  it  begun  to  clamp  the  mortar 
This  course  was  also  followed  with  good  results  for  the  remaining  hoops. 

HOOPS  OF  ROW  B. 

The  operations  attending  the  shrinking  on  of  this  row  of  hoops  were 
'tientical  with  those  employed  for  Eow  A. 
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Tiemperaiure  of  water  in  here  during  hooping. 


[Flow  of  water  through  bore  =  35  gi^oiM  per  minate.] 


Temperature  of  water  in  bore. 


Hoop. 


a 
t 

•3 


Ai. 
At, 

A4 

t 

Af. 

At. 

B,. 


«S.75 
05.75 
65.75 
«S.75 
6&75 
S3. 50 
05.50 
65.50 

,     56. 

Bf(tnin]iioDl 56. 

h I  56u 

5« I  66.5 

Bi 56. 

B«  I  56. 


a 

o 
■*» 
a 
a. 

I 

« 

a 


65.75 

6.x  75 

65.75 

65.75 

65  75 

65.5 

65.5 

6.'S.5 

56. 

56. 

56. 

56.5 

56. 

56. 


I 

s 
s 

0 

s 

H 

« 
134 


66.75 

66. 

66. 

66. 

66. 

66. 

66. 

65.75 

56. 

57. 

57. 

57.5 

56. 

56. 


o 

& 

£ 

M 


1. 

0.25 

0.25 

0.25 

0.25 

0.5 

0.5 

0.25 

0.0 

1^ 

1.0 

1.0 

0.0 

0.0 


8 


0 
V 


65.75 

65.75 

65.75 

65.75 

6&75 

65.5 

65.5 

65.5 

56. 

56. 

56w 

56.5 

56. 

56. 


Time  after  hoops 
in  position. 


Before. 


a 

O  0 

bC 

3 


15 

15* 

14 

16 

17 

16 

11 

9 

* 

27 
17 

16 

* 


0 


44 

35i 

87 

80 

24 

22 

20 

80 


53 
28 
28 


a 

M 


46 

30* 

80 

82 

26 

24 

22 

88 


58 
28 
81 


Duration  of— 


i 

0 

t 

t 

a 

s 

3 


6 
1 
1 
1 
1 
3 
8 
1 


6 

7 
6 


22 

10 
28 

14 
7 
2 

4 
27 


16 
8 

4 


O 
••a 

g 

Pi 

I 


8 
1 
1 
1 

1 
8 

4 
1 


6 
8 

4 


*  No  change  in  temperature. 

^on.->Thennometer  readlni^s  were  taken  by  an  assistant  at  interrals  of  one  minute  firom  the  in- 
stsat  the  hoop  was  in  position  until  it  was  cold. 
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REMARKS  ON  THE  OPERATIONS  OF  HOOPING. 

Row  A. 

Pressnre  was  always  gradually  applied  at  first  as  the  hoop  cooled. 
The  collar  brought  the  hoop  to  a  firm  bearing  at  once,  and  just  about 
the  instant  of  clamping  the  full  power  of  the  95-ton  hydraulic  jack  was 
exerted  and  kept  at  full  pressure  until  the  hoop  was  cold. 

Hoop  J.I.— At  the  beginning  of  the  heating  only  one-third  of  the  gas 
pressure  was  on — ^full  pressure  let  on  at  9.48  a.  m.  This  hoop  was 
heated  somewhat  unequally;  the  top  and  bottom  were  hotter  than  the 
sides,  dne  to  the  upward  draft  caused  by  the  rapid  rising  of  the 
heated  air,  which  resulted  in  a  current  that  deflected  the  flames  from 
the  burners  at  the  sides,  so  that  they  did  not  strike  the  hoop  inces- 
santly. At  10.02  a.  m.  the  color  of  the  heated  hoop  was  purple  above 
and  brown  at  the  sides;  at  10.03  it  was  purple  at  the  bottom;  at  10.00 
a.  m.,  when  the  minimum  wire  entered,  the  bottom  sh6wed  a  blue  color. 
This  part  of  the  hoop  had  the  highest  temperature. 

Hoop  iis.— At  11.40  a.  m.,  color  of  hoop  light  brown ;  at  11.41  a.  m., 
blue  at  top;  at  11.43  a.  m.,  dark  brown;  at  11.46  a.  m.,  brown  with  pur- 
ple spots.  At  12.07  p.  m.,  shut  off  water  from  sprinkler  for  one  minute, 
and  at  12.12  shut  off  water  for  one-half  minute,  to  prevent  too  rapid 
oooling.  Water  was  turned  on  preceding  hoop  Ai  at  11.52  a.  m.  to  pre- 
vent it  becoming  heated  from  contact  with  A2. 

Hoop  A3. — ^The  colors  of  this  hoop  were  about  the  same  as  those  of 
A).  At  2.52  water  in  sprinkler  shut  off  for  10  seconds;  at  2.59^  for  30 
seconds;  and  shut  off  again  at  3.02.  At  3.03  water  turned  on  left  side 
only;  at  3.04  turned  on  over  entire  hoop.  At  3.05  the  water  was  shut 
off  for  1  minute,  and  again  at  3.08  for  2^  minutes. 

Note.— The  temperature  of  the  three  hoops  Ai,  A^,  and  A3  were 
higher  than  would  have  been  necessary  to  expand  them  for  the  shrink- 
ages corresponding  to  their  own  proper  diameters.  The  extra  heating 
was  rendered  imperative  in  order  to  expand  them  sufficiently  to  go  over 
a  slight  fillet  turned  on  the  body  of  the  mortar  upon  the  rear  of  the 
zone  corresponding  to  A3.  This  fillet  was  turned  to  fit  a  corresponding 
groove  accidentally  cut  on  the  interior  of  A3.  This  groove  was  nearly 
an  inch  in  length,  and  extended  around  the  interior  cylindrical  surface 
of  the  hoop. 

Hoop  A4. — Water  turned  on  preceding  hoop  (A3)  at  3.59  p.  m.,  to  pre- 
vent its  becoming  heated  by  contact  with  A4.  The  water  was  turned 
off  A4  at  4.19  p.  m.  for  2  minutes,  and  at  4.23  p.  m.  for  2  minutes,  to 
prevent  too  rapid  cooling.  It  was  found  that  the  cast-iron  pressure 
collar  or  ring  became  heated  through  by  its  contact  with  the  heated 
hoop.  To  keep  this  ring  cool  a  Johnson  hand  force-pump  was  used,  and 
the  stream  of  water  directed  around  the  rear  face  of  the  ring  and  i^)oa 
the  surface  of  the  mortar  under  and  in  rear  of  it. 

Began  using  Johnson  pump  at  4.15  p.  m.  Water  hoOp  or  sprinkler 
required  45  Seconds  for  its  removal  after  hoop  was  cold. 

Hoop  A5. — Water  turned  on  A4  at  5.04J  p.  m.  Johnson  pump  on  at 
5.18  p.  m.    At  5.21  p.  m.  water  shut  off  for  2  minutes. 

Hoop  As.— This  hoop  was  put  on  after  dark,  and  the  city  nse  of  the 
gas  diminished  the  pressure  considerably,  and  required  a  longer  time 
to  heat  the  hoop.  Water  turned  on  A5  at  7.41^  p.  m.  Johnson  pump 
used  at  7.63  p.  m.  Shut  off  water  7'».53°>.40«.  for  i  minute,  and  at  7.57  p. 
m.  for  1^  minutes.    Water  hoop  removed  in  45  seconds. 

Hoop  A^. — ^Water  turned  on  A^  at  8.45  p.  m.  Johnson  pump  used  at 
8w55  p.  m.    Water  hoop  removed  in  45  seconds. 
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Hoop  As. — Water  turned  on  A7  at  9'».45"".10".  p.  m.  Johnson  pump 
ased  at  9^.57°*.30".  p.  m.  As  this  hoop  is  not  over  the  bore,  it  did  not 
cool  sks  qaickl^^  as  the  other  hoops.  The  pressure  ring  and  breech  of 
mortar  increased  so  rapidly  in  temperature  that  water  from  a  larger 
hose  was  turned  on  the  breech  at  10.08  p.  m.  Water  all  turned  off  at 
10.15  p.  m.  Pressure  collar  removed  at  10.16  p.  m.  Water  turned  on 
cast-iron  breech  at  10.17  p.  m.  for  2  minutes. 

Hooping  (How  A)  finished  at  10.20  p.  m.  The  water  in  the  bore  did 
not  assist  perceptibly  in  cooling  the  hoop,  as  the  latter  was  in  rear  of 
the  chamber. 

Eow  B, 

Hoop  Bi. — ^A  few  of  the  gas  burners  were  found  to  be  stopped  ap, 
but  it  was  not  discovered  until  after  the  gas  was  lighted.  No  serious 
trouble  was  caused  by  it. 

Hoop  jBj,  Trunnion. — ^The  sections  on  the  gas-heater  carrying  the 
burners  were  changed  for  this  hoop  on  account  of  its  greater  length. 
Sections  carrying  four  burners  were  substituted  for  those  having  three 
burners.  This  hoop  was  suspended  in  the  heater  with  the  axis  of  the 
trunnions  vertical,  and  the  weight  being  greater  in  the  vertical  line 
caused  the  hoop  to  assume  a  slight  ellipticity  with  the  transverse  axis 
vertical;  hence  the  minimum  wire  entered  vertically  long  before  it 
would  enter  horizontally.  This  hoop  was  heated  somewhat  unequally, 
due  partly  to  its  circumferential  asymmetry  and  partly  to  the  influence 
of  the  currents  of  air  in  the  foundry.  One  segment  least  exposed  to 
air-currents  was  heated  until  the  oxidized  surface  showed  a  bright  pur- 
ple color ;  the  other  segments  showed  either  straw-coIor,  brown,  or  pur- 
ple. The  trunnions  were  not  heated  to  as  high  a  temperature  as  was 
anticipated,  showing  a  variation  from  faint  straw-color  to  brown^  Every 
effort  was  made  to  keep  them  at  as  low  a  temperature  as  possible,  and 
with  reasonable  success. 

li^Trunnion  hoops  should  have  a  slight  cylindrical  projection  left  on  the 
end  of  one  trunnion,  into  which  a  hole  may  be  tapped  for  an  eye-bolt, 
by  which  to  suspend  the  hoop  in  the  gas-heater,  otherwise  it  is  an  awk- 
ward piece  to  handle.  This  pix)jection  should  be  about  2  inches  in 
diameter  and  1.5  inch  long,  and  have  its  axis  coincident  with  that  of 
the  trunnion. 

Hoop  B3. — No  remarks. 

Hoop  B4. — The  temperature  of  this  hoop  was  lower  than  that  of  83. 
Golor  varying  from  faint  straw  to  brown.  The  gun  was  slightly  warm 
in  rear  of  this  hoop. 

Hoop  Bs* — Heated  little  longer  than  B4,  and  turned  on  water  a  little 
too  soon.  Slight  explosions  were  heard  at  bottom,  which  showed  that 
the  yvater  penetrated  between  hoops  and  reached  body  of  gun,  where 
being  confined  and  converted  into  steam  caused  the  spluttering  sounds 
heard  in  its  efforts  to  escape.  This  showed  that  too  short  a  time  had 
been  allowed  before  turning  on  the  water,  and  that  the  hoop  had  not 
firmly  clamped  the  gun.  Warmth  just  perceptible  in  rear  of  hoop. 
Golor  of  hoop  uncertain  ;  observers  not  accustomed  to  tempering  steel 
by  the  electric  light,  and  could  not  judge  of  the  color  displayed  by  the 
heated  hoop. 

Hoop  Bg. — The  day  being  cloudy,  and  darkness  coming  on  early,  the 
city  began  using  gas  about  the  time  this  hoop  was  placed  in  the  heater, 
which  diminished  the  pressure  of  gas  very  perceptibly,  and  required 
longer  time  to  heat  hoop.  Color  uncertain — supposed  to  be  brown.  The 
variable  intensity  of  the  electric  light  used  to  illuminate  the'  building 
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forbade  any  attempt  to  study  colors  on  tbe  steel  with  any  satisfaction 
or  any  decree  of  certaint3\  In  7  minutes  after  Be  was  in  position  the 
rear  face  of  Hoop  As  showed  a  ^>ercei)tible  increase  of  temjierature. 

TbroQgboat  the  hooping,  each  hoop  and  the  gun  was  allowed  to  get 
cold  before  another  hoop  was  put  on. 

Tbe  pressare-collar  or  ring  used  with  Row  A  to  bring  the  face  of  the 
hoop  to  a  firm  bearing  and  keep  the  joints  close  was  found  to  be  a  lit- 
tle too  light.     The  portions  of  the  ring  90  degrees  distant  from  the  points 
of  application  of  the  tension  bars  of  the  press  had  not  thickness  enough 
to  give  proper  rigidity  at  these  i)oints,  and  the  consequence  was  that  the 
rings  sprang  back  slightly,  allowing  the  joints  between  the  hoops  to 
show  a  greater  opening  at  the  top  and  bottom  than  at  the  sides  where 
the  pressure  was  ap|>lied. 

For  Row  B  a  heavier  collar  was  cast,  which  diminished  this  effect,  but 
did  not  wholly  counteract  it. 

Before  placing  a  hoop  in  the  gas-heater  care  should  be  taken  to  as- 
certain whether  tbe  burners  are  all  fi*ee  from  obstructions.  This  is  eas- 
ily accomplished  by  turning  on  the  blast  and  passing  the  hand  rapidly 
over  the  orifices  of  the  burners.  An  impinging  current  of  air  will  be  felt 
if  the  burner  be  clear. 

It  was  impracticable  on  account  of  the  interposition  of  the  pressure 
ring  to  observe  the  instant  when  the  hoops  clamped  the  body  of  the 
mortar.  Therefore,  the  time  required  for  the  hoop  to  cool  sufficiently 
to  clamp  the  piece  was  estimated,  using  the  known  data  obtained  from 
observations  on  the  experimental  cylinder  for  arguments.  The  esti- 
mated time  for  clamping  was  assumed  to  vary  from  five  to  eight  min- 
utes, depending  on  the  expansion  obtained,  the  temperature  of  the  hoop, 
and  the  time  elapsing  from  extinguishing  the  gas  until  the  hoop  was  in 
position  on  the  mortar. 

A  longer  time  was  required  for  clamping  in  the  trials  with  the  experi- 
mental cylinder ;  but,  in  the  actual  hooping  the  hoops  were  put  on  at 
a  lower  temperature,  the  volume  of  water  passing  through  the  bore 
was  relatively  greater  and  had  a  lower  temperature,  and  the  surfaces 
of  contact*  with  rapidly  conducting  materials  were  greater;  hence,  it 
was  estimated  that  the  cooling  of  the  hoops  would  be  more  rapid,  and 
that  less  time  would  be  required  for  clamping. 

Joints  or  spaces  between  hoops  after  shrinking  on.    Row  A. 

After  the  first  row  of  hoops  (row  A)  was  on  the  mortar  and  had  re- 
mained at  rest  16  hours,  the  openings  between  the  several  hoops  due 
to  the  shrinking  away  of  the  metal  were  measured  with  standard  slips 
of  brass  vary^ing  in  thickness  by  one- thousandth  of  an  inch. 

The  thicknesses  of  these  slips  were  verified  immedi9.te]y  afterward  by 
measurements  made  with  small  vernier  calipers,  fitted  with  a  micro- 
meter screw.  It  was  found  in  some  cases  that  the  opening  inside  was 
less  than  that  on  the  exterior.  The  first  hoop,  A,  showed  an  opening 
at  the  top  and  bottom,  between  the  hoop  and  the  cast-iron  shoulder  of 
tbe  body,  but  at  the  sides  directly  beneath  the  points  of  application  of 
the  longitudinal  iron  bars,  which  transmitted  the  pressure  directly  from 
the  hydraulic  jack  to  the  pressure  collar  in  rear  of  the  hoop,  no  opening 
was  present  that  could  be  measured.  The  relatively  large  opening 
above  noted  was  due  to  two  causes:  (1)  To  the  curved  shoulder  on  the 
cast-iron  body  which  wedged  off  the  hoop,  as  it  were,  when  it  contracted 

*  The  interior  and  both  fnoes  of  each  hoop  were  in  contact  with  cold  metallic  snr- 
faces. 
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iu  shriuking  on ;  (2)  tx)  the  Bpringiu^  back  of  the  cast-iron  retaining 
collar  or  ring  at  the  pointR  most  distant  from  the  points  of  application 
of  the  pressure,  where  it  was  supported  only  by  its  own  rigidity. 

Width  of  spaces  between  hoops  of  row  A  after  shrinking  on. 


Between- 


Cast-iron  shoalder  and  Ai. 


Ai  and  As 
As  and  Ai. 
I  As  and  A4 
A4and  A«. 
A«and  A«. 
At  and  Ar  ■ 
Arand  At. 


OpeninfT.     Kind  of  fringe, 
width  of.      tight  or  loose. 


Remarks. 


/# 


.  008  \  Tight  at  top ,  Joint  closed  at  sides  where  pressure 

applied. 
No  joint  visible;  closed  all  aroaad. 
Slip  inserted  3". 
.  "003-8lip  enteml  ."25 
.  "003-slip  entered  exterior  slightly. 


.000  ! 

.  003     Sasy  gauge 

.002  '  Easy  for  5  inches. 

.  002  !  Iu  4  inches 

.003     Tight 

.003  '  LooAe 

.003 


Tight  at  top. 


Tight Tight  at  top  with .  "002  slip. 


Joints  or  spaces  between  hoops  after  shrinking  on.     Row  B. 


Between^ 


Ai  and  Bi 

Bi  and  Bs  trunnion 

Btand  B« 

Biand  B« 

B4and  Be 

Biand  B« 


Thickness  of  brass  gauges. 


Thickness  of  brass  gauges. 


."005. 


."002. 


■V 


In. 

0. 4  tight 


In. 


1.5 
0.25 


0.9  tight 
0.2 


0.05  I 1 0.751ooAe 

Tight  joint  comer  of  ."002-slip  1         1.25 
barely  engaged. 


."0085. 


."004. 


In.     I  In       In. 
0.6 

2.5    I  2.25  I  2.25 
2.8 
0.25 


."005. 


2.25  I  0.75 

O.25J 

0.75 


0.5 


0.1 


."006.    ."0085. 


In.   ''     In. 


1.25 


0. 1« 
0.1 


*  At  side  where  pressure  applied  ."005  gauge  inserted  0".8. 


SUMJiART  FOR  ROW  B. 


Between—    ^ 

Maximum    openings    be- 
tween noops. 

At  top. 

At  bottom. 

Ai  and  Bi  . . . . . 

Inehet. 
.005 
.0035 
.005 
.005 
.0085 
No  opening. 

Inehss. 
.005 
.0085 
.0085 
.005 
.0035 
.005 

Bi  and  Bi  trunnion. 
Bsand  Bs 

Bsand  Bi 

B4and  Bi 

Bi  and  B« 

COLOR  AND  TEMPERATURE.* 

The  temperatures  of  the  hoops  and  their  approximate  expansion  were 
estimated  from  the  color  of  the  film  of  oxide  on  the  surface  of  the  steel. 
The  trials  with  the  experimental  cylinder  showed  that  with  this  quality 
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For  table  of  color,  &o.,  see  Appendix  XY,  Table  5<^. 
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of  steel  a  aniforra  brown  color  indicated  <a  temperature  that  gavesufficieut 
expansion  of  the  hoop,  without  exceeding  the  maximum  limit.  The 
color  test  was  used  in  conjunction  with  the  me^isuring  points  to  determine 
the  expansion. 

This  test  is  especially  valuable  in  determining  the  uniformity  of  the 
heating  of  the  different  parts  of  the  same  hoop.    The   variations  or 
shades  of  ix>lor  indicate  like  variations  in  temperature.    It  is  also  of 
value  in  determining  approximately  the  instant  when  the  hoop  should 
i&TSt  be  swung  clear  of  the  gas  flames  for  a  trial  test  of  the  expansion, 
thus  not  only  saving  labor,  but  expediting  the  heating  of  the  hoop  by 
not  having  to  remote  it  from  the  flames  so  frequently  for  trial  measure- 
ments with  the  expansion  rods. 

Attention  to  the  colors  exhibited  by  the  different  parts  of  the  hoop 
will  readily  indicate  to  the  observer  the  hottest  points  and  the  effect  of 
currents  of  air  in  the  foundry. 

This  reference  to  the  color  test  presupposes  that  the  observer  has  had 
experience  in  tempering  various  qualities  of  steel. 

The  brown  color  aim^  at  in  each  of  these  hoops  before  removing  from 
the  fire  is  a  tolerably  easy  tint  to  recognize;  and  even  if  the  observer 
pass  it  he  will  certainly  detect  the  purple  spots  which  follow  further 
heating.  The  approximate  temperatures  (determined  by  the  color  test) 
adopted  as  limits  in  heating  the  hoops  were  450^  Fah.  and  520^  Fah. 

The  condition  and  the  '^finish"  of  the  surface  affects  the  purity  of  the 
colors  exhibited  and  must  be  considered  in  all  ca^es,  as  well  as  the  qual- 
ity  of  the  metal. 

These  hoops  were  put  on  at  a  much  lower  temperature  than  has  ever  be- 
fore been  attempted  at  this  foundry.  It  was  found  that  with  skilled  men, 
well  handled,  plenty  of  time  existed  tor  getting  the  hoops  in  position 
before  they  could  cool  sufficiently  to  clamp  the  mortar  previous  to  reach- 
ing their  prescribed  positions. 

Siaiewiemt  of/abrioatunk  of  ordnance  for  the  service  of  ike  United  States  by  South  Boston 
Iron  fForke,  at  the  South  Boston  Foundry ,  under  the  supervisian  of  Capt  D»  A.  Lyle, 
Ordnance  Department,  U.  S.  J. 

Itt-ineh  Iff.  L.  B.  morUr  (hooped  with  steel),  cMt  l|arch  1, 1884.    Inspected  November  28, 1884.] 

CHANGE. 
Iron  used. 


Grade  of  iron. 

Fanmoes. 

No.l. 

No.  2. 

No.  3. 

Total. 

Ko.1 

Tons. 

Uou2 

8 
1 
9 
9 

Richmond  ............ 

8 
1 
9 
9 

Ka3,haTd*.... 

Na8.eoft 

Bemelted 

Richmond  ............ 

Richmond  ............ 

Section  of  16-inch  Rod- 
man S.  B.  gnn. 

27 

27 

*  Ckned  here  aa  No.  4,  Richmond. 


Coal  consumed. — Total  Pennsylvania  gascoal,  37,140 pounds. 
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RECORD  OF  CASTING. 


Furuaces  fired  March  1,  lS6i,  at  4  a.  m. 
Metal  down  at  11a.  m. 

Time  of  meltiag,  7  hours. 

Time  in  fusion,  9  hours. 

Oun  cast  at  8  p.  m. 

Time  occupied  in  casting,  15  minutes. 

Temperature  of  water  entering  core- 
"barrel,  36  degrees. 

Temperature  of  water  leaving  core-bar- 
jTol,  51  degrees. 

Rate  of  water  per  minute,  20  gallons. 

Fire  kindled  in  pit  8.30  p.  m. 

Fire  in  pit  went  out  March  3,  5  a.  m. 

Temperature  of  pit,  not  taken. 


Temperature  of  pit,  not  taken. 

Fire  in  pit  burned  32^  hours. 

Water  shut  olf  March  2  at  10.51  a.  m. 

Core-barrel  removed  at  11  a.  m. 

Water  entered  gun  at  12  m. 

Rate  of  water  per  minut«,  10  gallons. 

Temperature  of  water  entering  gun,  3B 
degrees. 

Temperature  of  water  leaving  gun,  163 
degrees. 

Kate  of  water  changed  March  3  at  10 
a.  m.  to  8  gallons. 

Total  time  in  cooling  gun,  83^  hours. 


COOLING  TABLES. 


Core-bar- 
rel. 

Core-barrel  remored 

• 

« 

e 

9 

i 

• 

• 

t 

9 

• 

i 

• 

1 

• 

i 

I 

• 

5 

o 

n 

5 

i 

& 

o 

it 

& 

9J 

0 

S 

& 

1 

67 

16 

163 

31 

100 

46 

48 

61 

40 

76 

88 

2 

66 

17 

169 

32 

94 

47 

47 

62 

m 

77 

38 

3 

66 

18 

154 

33 

86 

48 

47 

63 

394 

78 

38 

4 

6i 

19 

149 

34 

79 

49 

47 

64 

894 

79 

38 

5 

63 

20 

145 

35 

72 

50 

46 

65 

39 

80 

38 

6 

61 

2t 

141 

36 

65 

51 

46 

1  ^ 

39 

81 

87* 

37{ 

7 

60 

22 

138 

37 

60 

52 

45 

l67 

39 

82 

8 

59 

23 

138 

38 

t62 

53 

44 

i«8 

884 

83 

37 

9 

58 

24 

129 

39 

60 

54 

43 

1  69 

38^ 

84 

C) 

10 
11 

57 
56 

25 
26 

12."! 

122 

40 
41 

58 
56 

55 
56 

43 
42 

.70 
'  71 

38 
38 

> 

12 

54 

27 

119 

42 

54 

57 

42 

7« 

38 

13 
li 

52 
51 

{*) 

28 
20 
80 

115 
112 
106 

43 
44 

45 

52| 

51 

494 

58 
59 
60 

41 

40| 

40 

73 
74 
75 

38 
38 
38 

1 

-     -.1 

|15 

) 

*  Water  shat  off  and  arbor  hoisted ;  water  rate  changed  to  10  gallons  per  minute. 

t  Water  rate  changed  to  8  gallons  per  minute. 

I  Water  shut  off  at  8  a.  m.,  March  .'i,  and  gun  hoisted  from  pit  at  3.15  p.  m.  same  date. 


MECHANICAL  TESTS. 


Speeijie  gravity. 


Hoiv  taken,    i  Density. 


No.l 

No.  2 

Tangential  ... 
. . .  do 

No.  3 

....  do 

No.9 

. . .  do 

No.  10 

...  do 

No.  11 

-Outside".... 
"Innide" 

do 

Longitudinal  . 
...  do  ......... 

No.  12 

...do 

No.  13 

No.  14 

No.  15 

do 

do 

do 

No.  16 do. 

No.  17 do. 


7.2660 
7,2740 
7.2614  ; 
7.2550  ■ 
7. 2616 
7.2754 
7.  2155 
7. 2.505 
7.2382 
7.  2685 
7.2622 
7.2600 
7.  2471 
7. 2495 
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TENSILE  STRENGTH. 


SpficimeD. 


No.1 

No.2 

No.8 

No.9 

NalO    

Nail 

Oat«ide  loii{E:itudin«l 
Inside  longitudinal  . 


Diameter  of 
specimen. 


1.1909 

1.2 

1.198 

1.198 

1.193 

1.197 

1.2 

1.2 


Breaking 

weight. 


33,200 
34, 300 
85,800 
84,600 
35.400 
86,000 
28.300 
31, 400 


Tenacity. 


29.498 
80.328 
31,758 
30.605 
81,669 
31,991 
25,023 
27,764 


INITIAL  TENSION. 


SxterioT  diame- 
ter vf  ring. 


Inekst. 
88.375 


Exterior   open- 
ing. 


Ineh6$. 
0.101 


Circumference  of  Exterior  per  inch 

exterior  of  ring.       ^L.'^'"'""''*'' 
•        enoe. 


101. 7098 


.000993 


Initial  tension. 


16,750 


ADDITIONAL  SPECIMENS. 


*            No. 

1 

Diameter  of 
specimen. 

How  taken. 

Breaking 
weight. 

Tenacity. 

• 

I 

12 

13 

1.2 
1.2 
L2 
1.2 
1.2 
L2 

Longitudinal.. 
. •  •  •  do  ...••.... 

Poundt. 
35, 700 
35,300 
87,000 
83.000 
83.900 
34,300 

81,506 
81,212 
82,715 
29,188 
99,074 
30,328 

i 

14 

...  do 

1              15 

.  ...do 

!              16 
17 

..  do 

....  do  ......... 

JUcord  of  mea»uremenU  with  star-gauge  of  b^dyfor  12-itieA  cast-iron  M.  L,  B,  mortar  hooped 

with  steel. 


[  Finished  f6r  reception  of  steel  hoops.    Prescribed  diameter  =11.95  inches.  ] 


1 

1 

L 

Diameter  of  bore. 

a 
11 

Diameter  of  bore. 

0 

Diameter  of  bore. 

Horlson- 
tal. 

YertioaL 

Horizon- 
tal. 

VerttoaL 

Horizon- 
tal. 

Vertical. 

1 
< 

I 
1 

Q 

p 

• 

Q 

InOus. 

Ineku. 

Inehu. 

Inchst, 

IneKes. 

Inches. 

Inches. 

Inehss. 

IncheM. 

a.2... 

11.951 

1L951 

51.5... 

11.951 

11.951 

\    77.8.. 

n.952 

11.9505 

7.2... 

11.951 

U.961 

52.5... 

U.951 

11.951    1 

82.    .. 

11.952 

11.9515 

1X2... 

11.951 

1L950 

58.5... 

11.951 

11. 9515 

80.1.. 

11.952 

11.  9505 

17.2... 

11.961 

11.950 

53.8... 

11.952 

IL  9515 

86.8.. 

11.952 

11. 951 

22.2... 

11.9515 

11.951 

57.    ... 

11.952 

11. 952 

90.    .. 

IL  952 

11.950 

w.a... 

1L961 

11.951 

60.4... 

11.952 

11. 9515 

92.2.. 

11.947 

11.947 

82.3... 

11.9515 

1L95L 

60.6... 

1L952 

11.951 

92.4". 

11.848 

11.848 

B7.2... 

1L951 

11.951 

64.8... 

11.952 

11. 951 

93.6.. 

11.8485 

11.848 

42.2... 

11.951 

11.951 

69. 1 . . . 

11. 952 

11.9515 

93.8.. 

11.849 

11.8475 

47.2... 

IL951 

11.951 

69.3... 

11.952 

11.951 

97.9.. 

11. 8495 

11.848 

4a  6... 

1L9S8 

11.961 

78.6... 

11.  9515 

11.9615 

102.1.. 

11.889 

11.848 

SO.  5... 

1L951 

11.951 

77.6... 

11.952 

11.950 

102.8.. 

11.835 

11.838 

*  The  distance  l^om  92. 4  to  102. 8,  both  inclusive,  are  within  the  chamber. 
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Diametera,  oompresHonSf  and  extenaions  of  hore  of 

[Table  showiDg  diameters  of  bore  of  12-inch  M.  L.  R.  mortar  before  hooping,  after  application  of  Rowa 

of  the  bore  due  to  the  application  of  Row  A,  Row  B,  and  both  rows,  togethor  with 


Under  hoop. 


Cylinder  in  front  of  hooper 


Shoulder  in  front  of  hoops : 

i  Front  end 

Ax<  Middle 

(Rear  end 

S  Front  end 
Middle 
Rear  end 

i  Front  end 
Middle 
Rear  end 

(Front  end 

A4<  Middle 

(Rear  end 

Front  end 
Middle 
As 

Rear  end fiS 

i  Front  end •«  . 
Middle |i 
Rear  end ua 


M 
M 

P 

e 

I 

a 


Diameter  of  bore  ready  for  hooping,  &c. 


Before  hooping. 
(a) 


In.  Inches. 
49.5  11.952 
50.5  11.951 
51.5  11.951 
52.5,  11.951 
53.5,  11.951 


V. 


53.8 

57. 

60.4; 

60.6' 

64.8' 

69.  i; 

69.3 

73.5 

77.6 

77.8 

82. 

86.1 

86.3 

90.    I 

*92.2 

r92.4{ 

93.6 

93.8 

97.9 

102.1 

102.3 


11. 952 
11. 952 
11. 9-2  I 
11. 952 

11.952 : 

11.  952 
11.952 
11.9515 
11. 952 
11.952 
11. 952 
11.  952 
11  952 
11.  952 
11.947  ' 

11.848  I 
11.84«5 

11.849  I 
11. 8495 
11.839 
11.835 


I 


Inches. 
II.  951 
11.951 
11.951 
11. 951 
11.9615 

11. 9515 

11.952 

11.9515 

11.951 

11.951 

11.9515 

11.951 

11. 9515 

11.950 

11.  9505 

11.9515 

11.9505 

11.951 

11.950 

11. 947 

11.848 

11.818 

11. 8475 

11.  848 

11.848 

1L888 


After 

application 

Row  A. 

(ft) 


After 

application 

RowB. 


H. 


H. 


Inehee. 

11. 949 
11.948 
11. 947 
11. 947 
11.947 

11.946 

11.945 

11. 9445 

11.944 

11.943 

11.943 

11.945 

11. 943 

11.943 

11.948 

11.943 

11.943 

11.  9435 

11.943 

11.938 

11.8365 

11.838 

11.838 

11.838 

: 

♦■ 
+ 


After  finish-    I 
ingexterior 
RowB. 


Inehee. 
11. 948 
11.948 
11. 9475 
11.947 
11.9465 

11.946 

11.945 

11.944 

11. 944 

11.  943 

11.943 

11.043 

11.943 

11.942 

11.  943 

11.9425 

11.943 

11.9435 

11.943 

11.938 

11.838 

11.838 

11.838 

1L838 

♦ 

4 
♦ 


Inches. 
11.9485 
11.948 
11.947 
11.947 
11. 917 

11.946 

11.945 

11.943 

11.941 

11.937 

11.938 

11.937 

11.937 

11.936 

11.937 

11. 937 

11. 937 

11.937 

11.936 

11.932 

11.832 

11.831 

11.  6325 

11.830 


V. 


Inches. 

11.948 

11. 9475 

11.947 

11.9465 

11.946 

11.946 

11.944 

11.941 

11.944 

11.  938 

11. 936 

11.  936 

11.935 

11.935 

11.935 

1L934 

11.9855] 

11.935 

II.  9355 

11.933 

11.830 

11.830 

11.829 

11.829 


H. 


V. 


-« 


Inches. 
11.949 
11.049 
11.948 
11.948 
11.946 

11.946 

11. 945 

11.943 

11.948 

11.940 

11.988 

11.938 

11.937 

11.937 

11. 937 

11.937 

11.937 

11.937 

11.930 

11.93251 

11.883 

11.883 

11.888 

11.881 


Inches. 

11.050 

11.066 

11.0475 

11.047 

11.047 

1L046 

11.044 

11.042 

1L041 

1L038 

11.036 

11.036 

1L035 

11.035 

11.035 

11.035 

11.085 

11.035 

ILOSSS* 

1L031 

11.832 

11.832 

IL831 

11.832 


*  In  front  of  shoulder. 

t  In  rear  of  shoalder. 

X  After  application  of  the  hoops,  on  account  of  the  compression  of  bore,  it  was  impossible  to  measnrtt 
this  diameter  with  the  star-gaage  points  used  in  measanng  the  rest  of  the  chamber.  At  101.4  inches 
fh>m  muzzle,  the  £srthest  point  to  which  the  star-gange  could  be  inserted,  the  diameters  wore :  hori- 
zontal, 11.837  inches;  vertical,  11.832  inches. 
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]S^i*cK  M,  L.  R.  mortar  <u  affeeted  hy  the  hooping. 

Auid  B,  afWr  finishing  exterior  of  Row  B,  after  flnisb-boring,  and  after  rifliDg ;  also,  the  oompressions 
tlte  extensions  of  the  bore  dae  to  finisliing  the  exterior  of  Row  B  and  to  rifling. 


t 

c 

K 
K 

P     - 

s 

1 

1 

Diameters  of  finished 
bore. 

Compression  of  bore  due  to— 

Extension  of  bore  dne  to- 

After  boring  to 
prescribed  fin- 
ished diameter. 

(«) 

II 

Application 
of  Row  A. 

(a-*) 

Application 
of  Row  B. 

r 

Application 

of  both  rows. 

(Total.) 

Finishing  of 

exterior  of 

RowB. 

Rifling. 

i 

H.     ,     V. 

JnehM. 

H. 

V 

H. 

V. 

H. 

V. 

H. 

V. 

R. 

V. 

Inchet. 

In. 

1%. 

A#eCrl9#« 

Inehsi. 

InehM. 

Tnchst. 

Inchst. 

Inehet. 

IneheM. 

InehM. 

40 

ILWOS 

11.998 

1L9965 

.003 

.008 

.0005 

.000 

.0035 

.008* 

.0006 

.001 

.001 

+.0006 

50 

11.090 

1L998 

1L998 

.003 

.008 

.000 

.0005 

.003 

.0035 

.001 

.0005 

.001 

.000 

51 

11.008 

12.000 

11.996 

.004 

.0035 

.000 

.0005 

.004 

.004 

.001 

.0005.000 

.002 

52 

11.008 

11.998 

11.998 

.004 

.004 

.000 

.0005 

.004 

.0045 

.001 

.0005 

.000 

.000 

93 

11. 000 

1L998 

11.999 

.004 

.005 

.000 

.0005 

.004 

.0055 

+.001 

.001 

.000 +.001 

54 

11.0985 

1L9975 

11.9985 

.006 

.0055 

.000 

.000 

.006 

.0055 

.000 

.000 

.  000  +.  001 

5'  1L008 

11. 998.'* 

11.998 

.007 

.007 

.000 

.001 

.007 

.008 

.000 

.000  ..000 

.0005 

60  lL90e 

11.998 

11.998 

.0075 

.0075 

.0015 

.008 

.009 

.0105 

.000 

.001 

.000 

.000 

61  1L9M 

11.998 

11.998 

.008 

.007 

.003 

.000 

.011 

.007 

.002 

+.000 

.000 

.000 

64  11.998 

1L998 

11.998 

.009 

.008 

.006 

.005 

.015 

.018 

.003 

.000 

.000 

.000 

5t'»-W8 

It  999 

11.998 

.009 

.0085 

.005 

.007 

.014 

.0155 

.000 

.000 

.000 

.001 

70| 

11.806 

11.999 

11.998 

.007 

.008 

.008 

.007 

.015 

.015 

.001 

.000 

.000 

.001 

73 

11.906 

11.999 

11.998 

.0085 

.0085 

.006 

.008 

.0145 

.0165 

.000 

.000 

.000 

.001 

n 

U.W6 

11.999 

11.998 

.009 

.008 

.007 

.007 

.016 

.015 

.001 

.000 

.000 

.001 

78; 

11.908 

11.999 

1L998 

.009 

.0075 

.006 

.008 

.015 

.0165 

.000 

.000 

.000 

.001 

82 

11.998 

11.999 

11.997 

.009 

.0090 

.006 

.0085 

.015 

.0175 

.000 

.001 

.001 

.002 

m 

11.906 

11.999 

11.998 

.009 

.0075 

.006 

.0075 

.015 

.0150 

.000 

+.0005 

.000 

.001 

9r  11.098 

11.999 

1L998 

.0085 

.0075 

.0065 

.0085 

.015 

.016 

.000 

.000 

.000 

.001 

90  11.  MO 

11.999 

11.998 

.009 

.007 

.007 

.0075 

.016 

.0145 

.000 

.000 

.001 

.001 

n  11.901 

11.994 
11.994 
1L849 
1L849 
11.848 

****"*" 
•••»---• 

.000 

.0115 

.0105 

.011 

.0115 

.000 

.010 

.010 

.0095 

.010 

• 

.006 

.0045 

.007 

.0055 

.008 

.005 
.008 
.008 
.009 
.009 

.015 
.016 
.0175 
.0165 
.0195 
- 

.014 

.018 

.018 

.0185 

.019 

.0006   +.002 
.001         .002 
.002  ;      .002 
.  0005>      .  002 

K  1L991 

>3i  11.840 

M  1L848 

»'  1L847 

.001 

.003 

103^  1L84«5    11.843 

loa 

.... 

* 
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Beoord  of  mta9ur€vnevt9  with  8tar  gcnge  of  ihefinuhed  6r.r«,  after  rifling,  of  12"  It.  L.  /?. 

mortar^  hooped  with  stcil. 


a 
a 

s 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 


After  rifllofc. 


4 


8 

t 


11.909 
11.999 
11.999 
11.999 
11.  999 
11.999 
11.999 
11.999 
11.998 
11.908 
11.998 
11.098 
11.998 
11.998 
11.999 
11.  999 
11.999 
11.998 
11.999 
11.998 
11.998 
11.998 
11.996 


8 


o 


12.117 
12.117 
12.117 
12.117 
12.117 
12.117 
12.117 
12.  IIR 
12.119 
12. 120 
12. 118 
12.117 
12.  U9 
12  118 
12.118 
12.  116 
12.116 
12. 117 
12.118 
12.118 
12. 117 
12.118 
12.118 


•a 

H 
0 

e 

a 

& 

s 

9 


24 
25 
26 
27 
28 
29 
80 
31 
82 
83 
84 
85 
86 
87 
38 
39 
40 
41 
42 
43 
44 
45 
46 


IPrrtcribed  diAmeter  =  12".  | 


After  rifling. 


I 


m 

B 


mi 

2 

o 


11.998 

11.998 

11.908 

11.008 

11.908 

11.008 

11.008 

11.008 

11.008 

11.008 

11.008 

11.000 

11.008 

11.008 

11.098 

11.008 

11.008 

11.000 

11.0085 

11.008 

11.008 

1L008 

11.008 


12.118 
12. 117 
12. 117 
12.117 
12.117 
12. 117 
12. 117 
12. 117 
12.117 
12. 117 
12. 117 

12. 117 

12. 118 
12.117 
12. 117 
12.117 
12.117 
12. 117 
12. 117 
12. 117 

12. 117 
12.117 

12. 118 


H 
M 
0 

g 

a 
I 
t 

I 

Q 


47 
48 
40 
50 
61 
52 
53 
54 
55 
56 
57 
58 
50 
60 
61 
62 
63 
64 
65 
66 
67 
68 


After  rifllDg. 


0 

m 

i 

I 


11.008 

1L008 

11.0965 

11. 99n 

11.998 

11.  008 

11.  000 

11.0085 

11.000 

11.008 

11.008 

11.008 

11.008 

11.008 

11.008 

11.008 

11.008 

11.096 

11.008 

11.998 

11.  9975 

11  998 

11.998 


i    i 


I 
1 


12.117 

12. 116 

12.116 

12.116 

12.116 

12.116 

12.116 

12. 116 

12. 116  ; 

12.1165: 

12. 1165 

12.116 

12.116 

12. 116 

12.116 

12.116 

12. 116 

12. 116 
12.116 
12.116 

12. 117 
12.117 

I  12.117  I 


M 
0 

B 

a 

I 

s 

I 


70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
80 
90 
90.25 


11.998 
11.008 
11.008 
11.008 
11.008 
11.097 
11.998 
11.998 
11.998 
1L998 
11.998 
11.907 
11.007 
11.008 
11.008 
11.008 
11.008 
11.008 
11.008 
11.008 
11.098 
11.007 


12.116 
12.116 
12.1t« 
12.116 
12.116 
12.116 
12.116 
12.116 
12.116 
12.116 
12. 116 
12.117 

12. 116 
12.116 
12.116 
12.117 
12.118 
12.118 
12.116 
12.117 

12. 117 
12.117 


RiFUNG. 

Depths  of  grooves  in  finished  bore  of  }A"  M.  L.  R.  mortar^  hooped  with  steel,  showing  dif- 
ftrenoes  between  the  diameters  of  the  bore  measured  across  lands  and  grooves. 


[Preserlbed  dUmeter- 

=  12".    Depth  of 

groovee 

,  mi^x.=: 

".065;  inln.=". 

MO.] 

1 

i 

§ 

8 

s 

§ 

8 

c 

I 

9 

> 

J 

► 

& 

> 

•  ^ 

€6 

g 

otf 

£ 

•  4 

c 

o* 

i 

o'm 

• 

Ml 

o-a 

i 

& 

w-a 

4 

M 

0  M 

«M 

0  *< 

ti 

*&        1 

0  •* 

«« 

0  M 

o 

%« 

'«•  0 

g 

s 

o 

•1 

t 

a  ■ 

i 

O 

•9 

m 

iS 

8- 

m 

0. 

• 

WM 

w4 

i 

Q 

s 

0 

Q 

Q 

» 

Q 

Q 

Q 

a 

A 

A 

Inehss, 

Inehss. 

Inehet. 

Inehfig. 

Inehts. 

Inches. 

Ineh^M. 

ImeKes. 

1 

.118 

.050 

24 

.120 

.060 

47 

.110 

.0505 

70 

.118 

.050 

2 

.118 

.050 

25 

.110 

.0505 

48 

.118 

.050 

71 

.118 

.059 

3 

.118 

.050 

26 

.110 

.0505 

40 

.1175 

.05875 

72 

.118 

.050 

4 

.118 

.050 

27 

.110 

.0505 

50 

.118 

.050 

78 

.118 

.O.'SO 

5 

.117 

.0586 

28 

.110 

.0505 

51 

.118 

.050 

74 

.118 

.050 

6 

.118 

.050    . 

20 

.110 

.0506    , 

52 

.118 

.059 

75 

.110 

.0505 

7 

.118 

.050    , 

80 

.110 

.0593 

53 

.117 

.0585 

76 

.118 

.050 

8 

.110 

.0505 

31 

.110 

.0505 

1          54 

.1175 

.05875 

77 

.118 

.050 

0 

.121 

.0605 

32 

.110 

.0505 

55 

.117 

.0585 

-  78 

.118 

.050 

10 

.122 

.061 

33 

.110 

.0505 

56 

.1185 

.05025 

1    70 

.118 

.050 

11 

.120 

.060    1 

34 

.110 

.0506 

57 

.1185 

.05025 

80 

.lis 

;050 

12 

.110 

.0505 

85 

.118 

.0505 

58 

.    .118 

.050 

81 

.120 

.060 

13 

.120 

.060    ! 

36 

.120 

.060 

50 

.118 

.050 

:    82 

.119 

.0505 

14 

.120 

.060 

37 

.110 

.0505 

60 

.118 

.050 

1    83 

.118 

,    .  0.W 

15 

.110 

.0505 

88 

.119 

.0505 

61 

.118 

.050 

84 

.118 

.050 

16 

.117 

.0585 

30 

.110 

.0505 

62 

.118- 

.050 

an 

.110 

.0505 

17 

.117 

.0585 

40 

.110 

.0505 

63 

.118 

.050      < 

86 

.120 

.060 

18 

.110 

.0.'>05 

41 

.118 

.  O.'iO      1 

64 

.118 

.050 

'    87 

.120 

.060 

10 

.110 

.0505 

42 

.1185 

.05025 

65 

.118 

.05» 

88 

.118 

.050 

20 

.120 

.060 

43 

.110 

.0505 

66 

.118 

.050 

80 

.110 

.  0.S05 

21 

.110 

.0505 

44 

.110 

.0505 

67 

.1105 

.05f»75 

00 

.110 

.0505 

22 

.120 

.060 

45 

.110 

.0505 

68 

.110 

.0505 

00.25 

.120 

.060 

23 

.120 

.060 

46 

.120 

.060 

1 

60 

.110 

.0505 
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F«Hjlc<ifioi»  of  ordinates  of  guidt-plaU  for  rifling  curve  for  12"  M,  L,  R.  mortar  a$  measured 

from  the  rifling  machine. 

m 

[Origlii  of  abBo{s8U=:  19"  from  bottom  of  bore.] 


o 

1 


-a 
s 


ln6Kef» 

0 

0 
—.02 
—.01 
—.02 
-.02 
+.04 

0 
+.02 


Remark*. 


10"  trom  bottom 
of  bore. 


8^ 

s3 

.fc'S 


Inehu. 
M 
60 
66 
72 
78 
84 
88 
91.5 


,d 

• 

7 

0 

M 

S 

P  rf 

4 

q 

Prescribed  ie 
of  ordinate 

1 

i 

^ 

< 

Inehe*. 

Inehet 

Inehee. 

2.09 

2.995 

+.005 

3.41 

3  43 

+.02 

S.88 

3.91 

+.03 

4.37 

4.88 

+.01 

4.87 

4.87 

0 

6.38 

5.38 

0 

5.74 

5.78 

-.01 

6.06 

6.055 

-.005 

Remarks. 


At  maizle. 


Table  showing  exterior  diameters  of  Vi-inoh  M.  L.  rifled  mortar  (finished). 


Sabjeet  of 
inremeo  t. 


Ckaae 

CyiiDdrical  . .  l 

!  taundder ( 

A, 

Bi 


Bf  (tnuiaioii) 


a 

m 
^  . 

.2  • 

r 


Subject  uf 
measurement. 


Inches. 
42.45 
42.45 
41.5 
41.  614 
41.5 
41.  507 
41.508 
41.504 
41.511 
41.609 
41. 498 
41.500 
41.600 
41.500 
41. 498 
41.500 
41.500 
41. 507 


B4 


B« 


Ag... 
Body 


8 


a 

ae 
""si 

•25 

5 

H 

m 


Inehet, 

08 

99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
116. 26 
119 


41.505 
41.500 
41.602 
41.504 
41. 511 
41.506 
41.500 
41. 500 
41.500 
41.500 
41.505 
41.509 
41.508 
41.506 
41.505 
35.940 
81. 039 
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REPORT   OF   THE    CHIEF    OF    ORDNANCE. 


LUMINOSITY  OF  HEATED  STEEL. 


Clarke*  says  the  luminosity  or  shades  of  temperature  have  been  ob- 
served by  M.  Pouillek,  by  means  of  an  air  pyrometer,  to  be  as  follows : 


Tamperatare. 


Lnminoaily. 


Centigrade. 


Fahrenfaait. 


Kaaoentred 

Dark  red 

Kasoent  cherry-red 

Cberrv-red 

Bright  oherry-rad . . 
Very  deep  orange. . 

Bright  orange 

White 

"  Sweating  "  white 
DaisaUng  white  .... 


D4gr§ei, 

D^orte*. 

525 

vn 

700 

120S 

800 

1471 

000 

1668 

1000 

188S 

1100 

MM 

1200 

2198 

1800 

2878 

1400 

2SB8 

1500 

8788 

lUoord  ofinapeeiion  and  measurementi  of  hooping  of  12-inch  mutzU'loading  rifted  mortar, 
hooped  with  eteel  manufaoiured  at  South  Botton  Foundry  under  contracts  dated  September 
24,  1883,  and  June  28,  1884. 

HOOPS. 


If  ark  or  number. 

Row. 

Mean 
length. 

Mean 
thick- 
neaa. 

Interior  diameters. 

lat. 

2d. 

Inehei. 

80.8054 

30.0954 

30.0008 

80.0065 

30. 9059 

80.9050 

30.095d 

80.9972 

35.8966 

35.8962 

35.  8956 

85.  8949 

85.8963 

35.8863 

8d. 

Ineh0g. 

80.9056 

80. 0959 

30.9982 

80.0954 

30.0063 

30. 0161 

80.9962 

30.0971 

35.8965 

35.8962 

85.S956 

85.8951 

35.8971 

35.8957 

4th. 

Meaa. 

1 

A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 

Inchet. 
6.000 
&740 
&503 
8.504 
7.406 
&510 
&503 
a  408 
7.605 
14.000 
&810 
8.310 
&311 
&820 

Inehei, 
In  place. 
3.033 
2.457 
8.454 
3.451 
2.451 
2.451 
2.451 
2.451 
2.526 
8.251 
2.780 
2.780 
2.770 
2.780 

Inehe*. 
30. 0057 
30.0063 
81.0006 
30.0007 
80  00.56 
80.0053 
30.0048 
80.0970 
35.8056 
35.8047 
36.  8055 
85.8050 
85.8966 
86.8058 

Inehei, 
30.0055 
30.9050 
81.0005 
80.9057 
80.0006 
30.9047 
80.  0057 
80.0969 
85.8957 
85.8944 
85l  89.'i3 
35.8957 
35.8969 
35.8050 

IncKee. 
b 
30.9066 

2 

80.9966 

8 

80.9098 

4 

30.9961 

5 

80.9961 

6 

30.9950 

7 :... 

30.9056 

8 : 

80.9070 

1 

35.8068 

2 

35L8e54 

3 

35.  80S6 

4 

85.8064 

5 

35.8067 

6 

35.8065 

rnnml 

ZC 

»NBS  TO 

BB  HOOF 

>BD. 

Marko 

ber. 

Int. 

Mean  e^ 

Kterior  dia 

metera. 

2d. 

3d. 

4th. 

Mean. 

Under— 

Ai 

As 

Inehei. 

31. 0854 

81.0334 

31.0112 

31. 0388 

31.0382 

81. 0305 

81.0380 

31.0402 

35.0330 

85.0470 

85.0417 

85  0414 

85.0418 

85.0400 

Inehst. 

81. 0343 
31. 0325 
81.0408 
31. 0381 
3L0376 
31. 0386 
31. 0378 
31  0302 
9S.  9832 
35.9481 
35.9393 
85. 9390 
35. 94(10 
3&0381 

Ineh0t. 
31. 0841 
31.0328 
31.0411 
31. 0:i65 
81. 0376 
81.0301 
81.0385 
81.0300 
35.0328 
35.9477 
35.9418 
85.9411 
35.9419 
1    35.9890 

Inehei. 

8L0340 

81.0337 

31.0408 

81.0380 

31. 0370 

81.0303 

81.0383 

81.0394 

35. 9331 

35.9481 

35.0414 

35.9412 

85.9419 

85l9896 

Inehme. 
a, 

31.0844 
31. 11331 
31.  0410 

A4 

31.  0384 

A» 

31.0378 

A« 

3t.  0S91 

A7 

31.0384 

At 

31.  0307 

Bi  

35  9330 

B*  f imnniiiD)    ....«.....•••••..•••.........•••. 

35.9480 
35  9411 

Bt  

B4  

35.9407 

Bi 

35.9414 

B« 

85.9804 

*  Clarke's  Manaal  of  Bulei,  Tables  and  Data  for  Mechanical  Engineers  (1B84),  p. 
328. 
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REPORT   OF   THE   CHIEF    OF    ORDNANCE. 
LUMINOSITY  OF  HEATED  STEEL. 


Clarke*  says  the  luminosity  or  shades  of  temperature  have  been  ob- 
served by  M.  Pouillek,  by  means  of  an  air  pyrometer,  to  be  as  follows : 


LnmiBotlly. 


KMoent  red 

DArkred 

Kftsoent  cherry-red 

Cherry-red 

Brifht  oherry-red . . 
Very  deep  oranfe. . 

Bright  oraage 

White 


**  Sweating  "white. 
DasoUng  white  .... 


Temperatare. 

Centigrade. 

Fahrenheit. 

Dsffrtes. 

Degrtet. 

625 

977 

700 

1292 

800 

1472 

900 

1682 

1000 

1882 

1100 

2012 

1200 

2192 

1800 

2372 

1400 

2568 

1800 

2718 

1 

Record  of  inspection  and  meaeuremenie  of  hooping  of  12-inch  muMzle-loading  rifted  mortar, 
hooped  with  steel  manufactured  at  South  Boston  Foundry  under  contracts  dated  September 
tM,  1883,  and  June  28,  1884. 

HOOPS. 


Mark  or  numher. 


1. 
2. 
8. 
4. 
5. 
6. 
7. 
8. 
1. 
2. 
3. 
4. 
6. 
6. 


Row. 


A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 


Mean 
length. 


Inehsa. 
6.000 
&740 
8.503 
8.504 
7.406 
8.510 
8.503 
a  498 
7.505 
14.000 
&310 
8.310 
&311 
&820 


Mean 
thick- 
neae. 


Inches. 

In  place. 
3.033 
2.457 
2.454 
2.451 
2.451 
2.451 
2.451 
2.451 
2.526 
3.251 
2.780 
2.780 
2.779 
2.780 


1st. 


Inches. 
30.9057 
30.9963 
31.0006 
30.99(57 
30  99.'S6 
30.9953 
30.9948 
30.9970 
35.  8956 
35.8947 
35.8936 
35.8850 
35.  8966 
86.8958 


Interior  diameters. 


2d. 


Inches. 

80.9954 

30.9954 

80.9998 

30. 9965 

30. 9959 

30.9950 

30.9954 

30.9972 

35. 8966 

35.8962 

35.8956 

35.8949 

85.8963 

35.8953 


3d. 


Inches. 

80.9956 

80.9959 

30.9982 

30.9954 

80.9963 

30.9151 

30.9962 

30.9971 

85.8965 

85.8962 

35.8956 

85.  8951 

35. 8971 

85.8957 


4th. 


Mean. 


Inches. 

Inches. 

b 

80.9955 

80.90M 

30.9959 

80.0050 

81.0005 

80.0098 

80.9957 

30.0061 

30.9906 

80.0081 

80.9947 

30.0060 

30. 9957 

80.0056 

80. 9969 

80.0070 

85.8957 

35.8062 

35.8944 

35.8054 

85l  89.53 

,    35.8056 

35.8957 

35.8064 

35.8968 

35.8067 

35.8950 

35.8856 

ZONBS  TO  B£  HOOPBD. 


Mark  or  number. 


Mean  exterior  diameters. 


Under— 

Ai 

Ai 

A. 

A4 

A» 

A. 

At 

At 

Bi  

Bf  (trnnnion) 

Bt 

B4  

Bi 

Bt 


1st. 


Inches. 

31.0354 

31.0334 

31.0112 

31.0388 

31.  0382 

31. 0395 

31.0389 

31.0402 

35.9330 

35.9479 

85. 9417 

35.9414 

86.9418 

36.9400 


2d. 

8d. 

Inches. 

Inches. 

81.0343 

8L0341 

31. 0335 

31.0328 

81.0408 

31.0411 

31. 0381 

81. 0»85 

31. 0376 

81. 0876 

31. 0386 

81. 0391 

31. 0378 

81.0385 

81  0392 

81. 0399 

35. 9332 

85.9328 

35.9481 

35.9477 

35. 9393 

35.9418 

85.9390 

85.9411 

85.9400 

85.9419 

35.9381 

85.9399 

4th. 


Inches. 

31.0340 

81. 0337 

31.0408 

31.0380 

31. 0379 

31.0392 

31.0383 

81.0394 

85. 9331 

85.9481 

85.9414 

35.9412 

35.9419 

85.9896 


Mean. 


Inches, 
a. 

31.0844 
31.  (1331 
81.0410 
3L0884 
31.0378 
31.0891 
31.0384 
31.0307 
35.0339 
85.0480 
35.0411 
85.0407 
35.0414 
86.8804 


*  Clarke's  Manaal  of  Rules,  Tables,  and  Data  for  Mechanical  Engineers  (1B84),  p. 
328.  ^ 
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Mtfk  or  number. 

1 

PreeoTlbed.        lAUowod  varintiona. 

i 

Actual. 

Actual  Tariations. 

• 

Under — 

Ai 

Aa 

1 

Thou- 

tandthi. '    Inehet.  \ 
/               d 
1.21          .0375  1 
1.17  1        .0363  1 

ThWk- 
9Q,'ndih». 

+  0.11 
+0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
—0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

Inches. 

+.0034 
.0034 
.0034 
.0034 
.0034 
.0084 
.0034 
.0034 

— .  0036 
.0036 
.0036 
.00»6 
.0036 
.0036 

Thou- 
sandths. 

1.252 
1.200 
1.287 
1.365 
1.845 
1.423 
1.381 
1.378 
1.025 
1.465 
1.270 
1  262 
1.245 
1.228 

Inches. 

e=a — b 
.0388 
.0372 
.0390 
.0423 
.0417 
.0441 
.0428 
.0427 
.0368 
.0526 
.0456 
.0453 
.0447 
.0439 

Thou- 
sandths. 

'-/ 
+0.042 
+0.010 
-0.008 
+0. 075 
+0.055 
+0. 183 
+0. 091 
+0.088 
—0.  075 
—0.005 
+0.020 
+0. 010 
—0.005 
—0.027 

Inches. 

+.0018 
.0009 

Ai 

1.29 
1.29 
1.29 
1.29 
.  1.29 
1.29 
1.10 
1.47 
1.25 
1.25 
1.25 
1.25 

.0899 
.0399 
.03U0 
.0399 
.0399 
.0899 
.0395 
.  0528 
.0449 
.0449 
.0449 
.0449 

.0000 

A4 

.0024 

A» 

.0018 

At 

.0042 

At 

.0029 

Am 

.0028 

Bi 

—.0027 

Bs(trnnnion) 

Bs 

—.0002 
+.0007 

B4 

+.0004 

Bf 

—.0008 

Bs 

—.0010 

MEAN  SHRINKAGES. 

Mark  or  Dumber. 

Prescribed. 

Allowed  Tariationt. 

Actual. 

Actual  Tariations. 

Ai 

Thou- 
iandUu. 

f 

1.265 
1.225 
1  345 
1.345 

• 

JticAm. 

.0392 

.0380 

.0417 

1        .0417 

Thou- 
tandtht. 
d' 
±0.055 
±0.0.'i5 
±0.055 
±0.055 
±0.055 
±0.055 
±0.055 
±0. 0.V» 
±0.050 
±0.050 
±0.050 
±0.050 
±0.050 
±0.060 

Inches. 

±.0017 

±.0017 

+  .0017 

±.0017 

±.0017 

±.0017 

±.0017 

±.0017 

±.00179 

±.00179 

±.00179 

±.00179 

±.00179 

±.00179 

Thou- 
sandths. 

1.252 
1.200 
1.329 
1.365 
1.345 
1.423 
1.381 
1.378 
1.025 
1.465 
1.270 
1.262 
1.245 
1.223 

Inches. 

es=a — b 
.0388 
.0372 
.0412 
.  0423 
.0417 
.0441 
.0428 
.0427 
.0368 
.0526 
.0456 
.0453 
.0447 
.0439 

Thou- 
sandths. 

«-/' 
—0. 013 
—0.025 
—0.  016 
+0.  020 
0.000 
+0.  078 
+0.  036 
+0. 033 
—0. 025 
+  0.045 
+0.070 
+0.062 
+0.045 
+0.023 

Inches. 
c-d' 
—.0004 

—.0008 

At. 

—.0005 
+.0006 

A« 

1.345!        .0417 
1. 345  1        .  0417 
1.  345  ;        .  0417 
1.345  I        .0417 
1.05             .0377 

.0000 

+.0024 

At 

+.0011 

+.  0010 

Bi 

—.0009 

I::;:;.;:::.::;;;:. 

1.42 
1.20 
1.20 

.0.510 
.0431 
.0431 

+.  0016 
+.0025 
+. 0022 

Bs 

1.  20            .  0431 
1. 20            .  0431 

1 

% 

+.0016 

Bs 

+.0008 

EFFECT  OF  THE  HOO] 

PING. 

liark  or  number. 

Mean  dian 

Deters  of  bore  within 
svue. 

OriginaL 

After 
applica- 
tion of 
hoops. 

Total 
compres- 
sion of 
bore  due 
to  both 
rows  of 
hoops. 

Under— 

Ai 

Inches. 

11.9518 

11. 9i^l6 

11. 9513 

11.9514 

*11. 9512 

tU.  9470 

111.  8480 

§11. 8485 

Inches. 

h 
11.9442 
11.9390 
11. 9360 
11. 9359 
11.9358 
11.  9325 
11. 8310 
11. 8803 

Inches, 
g-h 
.0076 

Ai 

.0126 

As 

.0158 

A4 

.0155 

As 

.0154 

As 

.0145 

At 

.0170 

As ::::::::;:;:::..:...:.:::;;;;::: ;..:: 

.0182 

Note.- For  full  details  relatine  to  compression  of  bore  due  to  hooping,  see  table. 

*  Under  front  end  and  middle  of  As. 

t  Front  of  shoulder  of  chamb^. 

t  In  rear  of  shoulder  of  chamber  and  under  rear  end  of  As. 

9  Under  front  end  and  middle  of  As. 

lifOTBd — Star  gauge  points  could  not  enter  under  At,  and  As  is  in  rear  of  chamber. 

Date  of  inspection :  November  25,  1884. 

D.  A.  LYLE, 
Captain  of  Ordnance^  U.  8.  A.j  Inspector. 
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Report  of  inspection  and  proof  of  12-tfioA  mortar  rifle  No,  1  {cast  iron,  hooped  with  steel) 
fabricated  at  the  Sotith  Boston  foundrjf,  under  contracts  of  Chief  of  Ordnance,  datrd  Sen- 
teniber  24,  18tt3,  and  June  28, 1884. 


Subject  of  meMnrement. 


Length  of  chamber 

Lenith  of  rifled  part  of  bore 

Total  leugth  of  bore 

Thickness  of  metal  at  breech 

Total  length  of  mortar 

Diameter  of  bore  across  lands 

Diameter  of  chamber 

Length  of  Tent-bashine 

Diameter  of  vent-bushing 

Pitch    of    screws    on    yent-bushing 

/threads  per  inch). 

Diameter  of  vent 

Distance  of  vent  ftom  bottom  of  cham- 
ber. 
Distance  of  vent  to  left  of  vertical  plane 

through  axis  of  bore. 

Knraber  of  grooves  and  lands 

Width  of  grooves 

Depth  of  grooves 

Width  of  lands 

Lands  rounded  vith  radius  of 

Radios  of  fillet  (bottom  of  lands.) 

Twist 

Full  depth  of  grooves  begins  at  inches 

fh>m  chamber. 
Distance  of  chamber  to  beginning  of 

rifling, 
Exteriordlameter  of  gnn  at  1  inch  from 

muzzle. 
Exterior  diameter  of  gnn  at  shoolder 

in  front  of  hoops. 
Exterior  diameter  of  gun  over  hoop  Ai 
Exterior  diameter  of  gun  over  hoop  Bj 
Exterior  diameter  of  gun  over  trunnion 

hoop. 
Exterior  diameter  of  gun  over  hoops  Bs 

to  B«. 
Exterior  diameter  of  gnn  over  hoop  As 
Exterior  diftmeter  of  gnn  over  breeoh. . 

Diameter  of  trunnions 

Length  of  trunnions 

Length  of  surface  of  gun  hooped  (row  A) 
Diameter  of  same 


DIMENSIONS. 


YABIATIONS. 


Prescribed. 


Length  of  surface  (inner  row)  hooped 

(rowB). 

Diameter  of  same , 

Distance  from  muzsle  to  cylinder  in 

front  of  hoops. 

Length  of  cylinder 

Distance  from  trunnions  to  muzzle 

Distance  trouk  rear  hoop  to  tangent  at 

breech. 

Number  of  hoops,  inner  row 

Number  of  hoops,  outer  row 


18.5 

92. 
110.5 

17. 

127.  5 

12, 
ll.P5_ 

ir».  875 

0.98 

8. 

.2 
6. 

3. 

40  I 

.6425 
.065 
.3        ' 
.01 
.08 


Actual. 


10.25 
92. 

111.  25 
16.2 

127.45 

11.998 

11.848 

16.875 

0.98 

6. 

.2 
4.95 


.8 


40 


.6425 

.0595 

.3 

.01 

.08 


1.75 

0.5 

22.54 

82.6 

37.1 

41. 

42.4 

41.5 

35.9403 
31. 0386 
12. 
6. 
65.75 


I 


54.76 


49.5 

4. 

76. 
&25 

8 
6 


-  75 

0.6 

22.542 

32.52 

87.1 

41. 

42.45 

4L5+ 

35. 9405 
81. 039 
11.99 
6. 


Allowed. 


Actual. 


+.003 
-f.0O3 


-f.75 
0 
+.75 
-.8 
-.05 
-.002 
—.002 
0 
0 


.05 


—.005  I-.0055 


49.5 

4. 

74.92 
8.25 

8 
6 


+  .002 
+.03 


:+.o5 


+.0002 


-.01 


Remarks. 


Details  as  to  dimen- 
sions of  hoops  and 
sbrinkages  will  be 
found  on  anotl.cr 
sheet. 


fnoreasing  Arom  one 
turn  in  100  caU. 
at  the  origin  to 
one  turn  in  35  cale. 
at  3^  inches  ftvm 
muzzle:  then  uni- 
form, and  one  turn 
in  85  cals.  to  the 
muEzle. 


Varies  for  each  sone. 
'      (See  table.) 


-.08 


Varies  for  each  zone. 
(See  table.) 


Marks  on  " fisoe"  of  mortar :  "  12-inch  S.  B.  I.  W.,  —1884.     D.  A.  L.    Wt.,  80,380 pounds." 

Weight.  30,330  pounds. 

Preponderance  at  tangent  to  breech^  124.4  pounds — say  125  pounds. 
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Data  relalive  to  shrinkage  of  hoops, 
112-iiich  M.  L.  rifled  mortar.  Third  approximation.    Exterior  of  finished  tamed  bore  ".05  amall.] 


Sections. 


Bt 

B, 

B4 

Bi 

B«  (trun- 
nions) ... 

Bi 

A» 

Cylinder  in 
firont  of 
hooping. . 


Theoretical  shrink- 
ages. 


^1 


Thou- 
iandth*. 


>    1.400 


1.400 
1.280 
1.324 


Thou- 
tandtha. 


1.225 


Actnal  shrinkages. 


^1 


L425 
LllO 
0 


Thou- 

tandtht. 

1.876 

1.390 

5  1. 420 

U-345 

1.355 

1.347 
1.200 
1.255 


^,         ,    ,  Anticipat-  S^SKST^l? 

T  heoretioal  ed  compiiH.  ^^^^^ ,  P^J 

corapres-   Iglon  of  "borel  Actual     !2™«i«^ 

sion  of  bore  proportion-'  oompres-    7"%?  o,?" 

^  R       la*l  to  that  in  sionolfbore.,  i°5i*^,  "^• 

R          experiment.  '  t"«l.com. 

alSylinder.|  P«^--  <>' 


Thou- 
tandth*. 
L219 
1.241 
1.258 
1.258/ 
1.2065 

1.461 
1.027 
0 


Thou- 
gandths. 


Thou- 
tandtht. 


Bottom  of  chamber.* 


1 1.211 
1.216 
0 

1.201 

1.19 

♦.761 


tl.229 
1.104 
1.210 

1.200 

.995 

:.747 


0 


Thou- 
ttmdtht. 


1 1. 851 
1.277 
1.286 

1.251 

1.005 

.805 


.251 


Founds. 


1 24, 100 
23, 000 
23,200 

22,500 
10,500 
15, 400 


5,4^) 


Rrm ABKS.— An  absolute  error  of  ."001  in  the  star-gauging  is  equivalent  to  a  relative  error  of  .084 
thousandths. 
*  Owing  to  contraction  of  bottom  of  chamber,  due  to  its  form,  measurements  could  not  be  made, 
tin  chamber. 

X  This  does  not  take  into  account  either  the  resistance  due  to  the  nnhooped  portion  Just  in  front  or 
Ihe  aid  derived  from  hoop  B  Just  in  rear. 

GHAS.  S.  SMITH, 
Oaptain^  Ordnanes  Dspartment. 
OstmiXAVCM  Offick,  November  11, 1814. 


PLATE  I. 


HEx1pi2v3  491 


PLATE  II. 


Appendix   26. 


EXFEEIMENTAL  CYLINDER  FROM  THEVH-INCR  CASl-IBON RIFLED  MOR- 
TAR, HOOPED  WITH  STEEL. 

By  Capt.  D.  a.  Lyle  and  Lubut.  H.  D.  Boftup. 

Composition. 

The  experimental  cylinder  for  the  12-inch  cast-iron  mazzle-loading 
rifled  mortar,  hooped  with  steel,  was  composed  of  three  parts,  viz : 

(1)  The  body  (cast  iron). 

(2)  The  A  hoop  (Midvale  steel). 

(3)  The  B  hoop  (Midvale  steel). 

Matebials. 

(1)  The  cast-iron  body. 

This  was  taken  from  the  lower  end  of  the  sinking  head  and  near  the 
muzzle  of  the  mortar.  An  initial  tension-ring  3  inches  thick  was  taken 
oat  between  the  face  of  the  piece  and  the  body  for  the  experimental  cyl- 
inder. The  end  next  to  the  muzzle  was  marked  <'  face,"  and  is  so  desig- 
nated in  all  references  to  this  end. 

(2)  Hoops. 

These  were  from  Midvale  open-hearth  steel,  and  were  marked  as  fol- 
lows: the  inner  hoop,  Ax]  the  enter,  Bo?.  The  hoops  were  received  in 
the  roagh-finished  state. 

DimenaUyM  and  weights  {rough  finished). 


Hoop  Bo. 


Bxterior diameter  inches. 

Interior  diameter..... do.. 

Length do.. 

Weiglit pounds. 


41.76 

85  80 

7.5 

790 


Table  A. — Test  specimens, 
[Taken  firom  initial  tension-ring  next  to  the  mnxsle  before  hooping.! 


Ko.  of 
speci- 
men. 

Kind. 

Kow  taken . 

Numbers. 

* 

Where  tested. 

2 

Tension 

Compression.. 

Tenacity.... .. 

T«?»g«ntiftl 

Nos.  4  and  5 

Watertown  Arsenal. 

8 

No.  6,  Inside ;  No. 7,  out- 
side ;  No.  8,  Inside. 

Nos.  1  and  11,  inside; 
Nos.  2  and  10,  middle ; 
Nos.  8  and  9,  outside. 

Nos.  12,16,17,  and"out," 
outside ;  No.  13,  mid- 
dle; Nos.l4,15,and  "in- 
side." inside. 

Do. 

8 

....do 

Sonth  Boston  Iron  Works. 

g 

•  •  * •  clo  •••••••-• 

Longitudinal 

See  pages  482, 483,  Report  of 
Chief  of  Ordnance,  1884,for 
tests. 

4625  OBD 14 
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Tablb  B.-^Tettapedmrnu. 
[Tftken  from  Initial  tanaloii-rlng  from ' '  fiftoe"  of  experimental  cylinder  alter  nnhooping.  Disk  ^2.%  tiuibm 


Ko.  of 
•ped- 
nen. 

Kind. 

How  taken. 

Ifnmbecs. 

• 

Where  tasted. 

S 

Tension 

Compression.. 

....do ......... 

Tangentlslly,  inside. 

ItadiSlly r..rrt 

Nos.  Isnd9 

'Watartown  ArmosL 

S 

• 

% 

No.  8,  inside  i  Ko.  4,  ont- 

side.  * 
If  OS.  8  sad  9,  taken  from 

opposite  sides. 
No.  9.  outoide ;  No.  10, 

middle;  No.  11,  inside. 

Do. 
Do. 

t 

TeoMily 

TangentisUy 

SoQth  Boston  Iron  Woiks. 
Seepage    488,  Beport  > of 
Chief  of  Ordnance,  n.8jL. 
1884. 

InMal  UmUm^ring  taJten  firom  ike  muMMle  of  If^inch  M,  Z.  r(/M  morior,  between  ike  fem 

amd  the  espwitMinXal  oyliiidcr. 


L 


® 


(13; 


\BtiHal  TknfUn   Qui. 


10 


^ 


^D 


D 


A 


i       fl 
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luMml  iaution 


rim§  (2.5  imohet  Uiiok)  taken  from  eoii-iron  hodjf  of  eatperimwtal  eiflini^ 
from  hl-inoh  M.  L,  rxfUd  mortar. 


7 


▲TTBB  UNHOOPDTO. 


imilAL  ISNSZON. 
[TNifMinliMifl  from  tiie  two  disks  noted  ftbove.    For  details  see  page  481,  Beport  of  Chief  of  OrdosneOk 

Pounds. 

Before  hooping   « 15,750 

After  nnhoopiDg 12,000 

FhyHoal  proportieB*  of  the  Midvale  $toel  hoop$. 


Hoop. 

Length 

of  speo- 

imen. 

Elastic 

limit  per 

square 

inch. 

tension. 

Tensile 

strength 

per  square 

inon. 

Blongation 

after 

mptnre. 

Contraction 
of  ana. 

JLTC^^HW* 

Poundt. 

Inekst. 

P&undt. 

P§rcmU, 

Psrcsne. 

63,000 

.003083 

115,300 

18.0 

27.6 

(9,000 

.001888 

113,600 

12.8 

87.6 

03.000 

.003200 

112,000 

1&8 

83.5 

AjLmm 

60,  COO 

.001867 

111,870 

1ft.  7 

96.4 

66,000 

.003188 

113,060 

12.67 

34.4 

68,000 

.002150 

110,800 

13.67 

27.6 

•0) 

60,000 

.001800 

Compression  specimen.                | 

( 

68,000 

.003088 

117.600 

&0 

88.6 

66,000 

.003067 

113.000 

15.3 

89.3 

71,000 

.002467 

116,460 

16.0 

85.4 

Bx..< 

64.000 

.003000 

112.650 

16L0 

29.8 

57,000 

.001867 

108,440 

10.5 

83.6 

67.000 

.002350 

114,000 

13.8 

80.8 

•(t) 

65^000 

.001770 

Compression  specimen. 

*Tho  Information  given  in  this  table  was  hindly  Airnished  by  Lieut.  F.  B.  Hobbs,  Ordnance  Depart 
MBt*  IT.  8.  A.  "^ 
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Computations  ofelasiio  strength  of  eaDporimental  cylinder  from  I2-ifio^  M.  L,  riflod  mortmr, 
[Data  ftunlahed  by  the  Ordnance  Offioe  firom  the  physical  teste  of  the  metal  made  before  hooping.] 


Cast-iron  body. 

Hoops  Midvale  steel. 

• 

Ro  =  6" 

99  B  5  tons. 

po  =  9.25tons. 

C0=  .0006(atS.L.). 
Eo  =  8,883tons. 

Ri  =  15".5 
R«  =  17".95 
R,  =  20".76 

Jj  =  Jj|  =  23. 208  tons. 

<i  =  ci    =.00165  (at  E.L.). 
Si  =  Ei  =14, 063  tons. 

Comparison  of  principal  results  obtained  from  oomputaiton. 


Subject. 

ft 

Compnter. 

■  • 

Capt  C.  &  Smith. 

Lieut  H.  D.  Borup. 

Capt  D.  A.  Lyle. 

Pi 

Pi    

Po 

Ol 

8.689 
7.618 
12.0633 
0.4245x01 
(-)  1.3123 
6.306 
4.251 
2.055 

.0008745 
(-).  0014575 

.000553 

.001795 
.001581 
.055658 
.056754 

8.689 
7.  6174 
12.0628 
0.4245xpi 
(-)  1.3308 
6.2866 
4.2508 
2.0358 

.0008874 
(-).  0014791 

.000563 

. 001789 
.0015718 
.  055459 
.  0564276 

3.689 
7. 6179 
12.0633 
0. 42457  X  pi 
(— )  1.  3303- 
6.2876+ 
4.2508- 
2. 0868+ 

.0008870 
(-) .  0014792 

.  000563+ 

.001798 
.  0015705+ 
.  005736 
.056705+ 

« 1 

Pl+Pl... 

Biff 

*dARo 

"R*      •  •• 
*ARo 

R«    

tARo 

"R«   

^1 

At 

s! 

si 

Adjusted  for  allowed  variation. 


.00168 
.00167 
.0520 
.0509 


.001685 
.001677 
. 05224 
.06020+ 


*  Systwn  at  rest. 


t  System  in  action. 


INSTRUCTIONS. 

The  following  instructions  were  received  from  the  Ordnance  Office,  U.  S.  A.,  in  re- 
gard to  the  hooping  experiments,  viz : 

Ordnance  Office,  War  Department, 

Washington,  D.  C,  dfajf  6,  1884. 

Sir:  By  direction  of  the  Chief  of  Ordnance  I  have  to  request  that  yon  will  please 
cause  the  work  of  hooping  the  experimental  cylinder  taken  from  the  12-inch  mortar 
casting  to  he  proceeded  with  so  soon  as  the  hoops  are  received  from  the  Mid  vale  Steel 
Works,  using  for  this  purpose  the  two  hoops  marked  Ax  and  Bx,  respectively. 

Instructions  are  herewith  inclosed,  giving  the  prescrihed  shrinkages  for  this  ex- 
perimental hooping  and  showing  how  the  work  is  to  be  executed. 

Great  care  will  be  required,  both  in  the  supervision  and  execntion  of  this  work,  or 
the  shrinkages  actually  obtained  will  be  greater  or  less  than  the  prescribed  beyond 
the  allowed  variation. 

A  preliminary  report  will  be  made  as  early  as  practicable,  giving  the  mean  diameters, 
the  shrinkages  actually  obtained,  the  successive  compressions  of  the  casting  with  the 
hoops  in  place  and  the  extension  of  the  hoops,  and  the  restoration  and  permanent 
set  of  the  casting  and  of  the  hoops  after  the  successive  removal  of  the  hoops. 
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A  further  and  more  complete  report  may  be  submitted  subBequently,  Bhowing  in  taba- 
lar  form  the  absolute  measurements,  with  the  linear  and  proportional  differences,  and 
a  recapitulation  of  the  general  effects  produced  on  the  casting  and  on  the  hoops  with 
the  hoops  in  place  and  after  their  removal,  so  far  as  that  may  be  done.  (See  in  this 
connection  Notes  on  the  Construction  of  Ordnance,  Nos.  14  and  26.) 
Respectiiilly,  your  ob't  serv't, 

CHARLES  S.  SMITH, 
Captain  of  OrdnancCj  Principal  Assistant, 
Capt.  D.  A.  Lyle, 

Ordnance  Dept,,  U.  S.A.j  Boston,  Mass. 


General  insiruetians  far  hooping  and  unhooping  experimental  cylindtr  for  12-ificA  muggJ^- 

loading  mortar. 

(1)  The  interior  diameter  of  the  first  or  inner  hoop  to  be  turned  to  a  mean  diam- 
eter of  31  inches,  with  an  "  allowed  variation  "  of  — O.OOIte  inch ;  the  interior  di- 
ameter of  the  second  or  outer  hoop  to  be  turned  to  a  mean  diameter  of  35.5  inches, 

*  with  an  "allowed  variation"  of — .0035  inch;  the  lengths  of  the  two  hoops  to  be 
the  same,  and  as  near  7.25  inches  as  possible.  As  regaids  the  parallelism  of  the  ends, 
eccentricity,  and  conicalness  of  the  interior  surfaces,  the  **  allowed  variations"  to  be 
as  follows :  For  parallelism,  0.0035  inch ;  for  eccentricity,  0.005  inch ;  for  conicalness, 
0.0035  inch.* 

(2)  The  casting  to  be  bored  to  as  near  12  inches  as  possible,  and  not  exceeding 
12.05  inches;  the  ends  to  be  squared  up,  giving  a  right  cylinder  with  parallel  bases 
7.75  inches  in  length.  The  exterior  to  be  turned  to  a  mean  diameter  eqaal  to  the 
meaninteriordiameterof  the  first  hoop  plus  a  shrinkage  oft  .00168  inch  per  inch  of  that 
diameter,  with  an  **  allowed  variation"  between  the  proscribed  diameters  of  the  sur- 
&ces  of  contact  of -^-0.0035  inch  and  — O.COO  inch. 

(3)  After  the  first  hoop  has  been  put  in  place  on  the  casting  and  has  cooled,  the 
exterior  to  be  turned  to  a  diameter  equal  to  the  interior  diameter  of  the  second  hoop 
pins  a  shrinkage  oft  .00168  inch  per  inch  of  that  diameter,  with  an  ''allowed  varia- 
tion" of  — 0.0035  inch  and  -f-0.000  inch.  The  exterior  of  this  hoop  may  be  turned  to  the 
finished  diameter  of  41.5  inch  before  the  hooping,  which  is  not  admissible,  however,  in 
the  actual  hooping  of  guns.  The  '*  allowed  variation  "  for  this  diameter  to  be  0.02 
ioch. 

(4)  As  soon  as  practicable  after  the  required  measurements  have  been  taken,  the 
hoops  to  be  successively  expanded  by  heat,  and  the  casting  withdrawn,  after  the 
mode  described  in  "  Notes  on  Construction  of  Ordnance,"  No.  14,  page  3. 

The  hoops  to  be  removed  from  the  bath  of  molten  metal  as  speedily  as  possible 
after  the  withdrawal  of  the  casting,  to  prevent  their  being  injured,  as  far  as  possible 

MODE  OF  EXECUTING  HOOPING. 

The  casting  prepared  for  hooping  is  to  be  placed  vertically  on  skids,  the  bore  closed 
at  bottom  with  a  wooden  disk  made  water-tight  with  clay  around  the  inside  of  the 
cylinder  and  having  a  ^inch  hole  in  the  center  for  the  exit  of  the  cold  water,  with 
which  the  l>ore  is  t<i  be  kept  filled  by  a  hose  during  the  operation.  The  hoops  may 
be  heated  for  application  by  a  wood  fire  surrounded  by  a  flask  of  iron,  preferably  a 
perforated  sheet- iron  cylinder  open  at  the  ends,  which  will  take  up  little  heat  and 
ftUow  a  close  approach  to  the  fire.  Care  should  be  taken  to  have  the  hoops  heated 
uniformly,  and  to  avoid  raising  the  heat  too  high.  A  temperature  of  about  600°  F.  will 
suffice,  and  the  expansion  of  the  hoop  should  be  kept  within  about  twice  the  prescribed 

2.5        3.5 
shrinkage,  say  from  f  ;^q  to  .^  of  the  interior  diameter.   The  hoop  after  being  taken 

from  the  fire  is  to  be  brushed  clean  and  lowered  upon  the  casting  until  it  rests  upon 
mpports  that  shall  maintain  it  centrally  on  the  casting,  or  at  equal  distances  from  the 
two  ends.  The  transfer  from  the  fire  to  the  casting  should  be  efifected  without  un- 
necessary delay,  as  the  hoop  will  cool  and  contract  rapidly.  As  soon  as  the  hoop  has 
cooled  down,  so  as  to  set  on  the  casting,  water  should  be  sprinkled  on  it,  using  a  water- 
ing-pot with  a  finely  perforated  sprinkler— sparingly  at  first,  but  by  degrees  more  plen- 
tiftilly,  and  taking  care,  by  moving  around  the  hoop,  to  cool  it  uniformly.  After 
twenty-four  hours  (or  as  soon  §ts  practicable  thereafter)  the  required  measurements 
will  be  made. 

"  See  Notes  on  the  Construction  of  Ordnance,  No.  5  and  No.  26,  pp.  17  and  19. 
t  Total  shrinkage  about  .052  inch  -f-'0035  inch. 
X  Total  shrinkage  about  .060  inch  —.0035  inch. 
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PREBCRIBED  MEASURBMENTS. 

(1)  Interior  diameters  of  the  hoops  prepared  for  hooping  and  exterior  diameten  of 
enter  hoop. 

(2)  Interior  and  exterior  diameters  of  the  casting  prepared  for  hooping. 
\H)  Interior  diameter  of  casting  after  application  of  first  hoop. 
[4)  Interior  diameter  of  first  hoop  after  application. 
i5)  Exterior  diameter  of  first  hoop  prepared  for  second  hoop. 
[6)  Interior  diameter  of  casting  after  application  of  second  hoop. 

i7)  Interior  diameter  of  first  hoop  after  application  of  second  hoop. 
8)  Interior  diameter  of  second  hoop  after  application.      (All  measurements  to  be 
made  when  the  hoops  are  cold.) 

!9)  Interior  diameter  of  casting  after  removal  of  second  hoop. 
lU^  Interior  and  exterior  diameters  of  first  hooping  after  removal  of  second  hoop. 

(11)  Interior  and  exterior  diameters  of  second  hooping  after  removal. 

(12)  Interior  and  exterior  diameters  of  casting  after  removal  of  first  hoop. 

(13)  Interior  and  exterior  diameters  of  first  hoop  after  removal. 


MODS  OF  EXBCX7TIKO  MEASURBMENTS. 

(1)  Prepared  for  liooping. — Each  face  of  cylinders  and  hoops  to  be  scored  with  4 
diameters,  which  will  be  marked  with  numbers.  Coincident  with  these  scores  4 
diameters,  both  exterior  and  interior,  to  be  measured  at  0.1  inch  distance  within 
each  face*  and  at  such  additional  points  between  the  faces  as  may  be  deemed  neces- 
sary for  ascertaining  the  mean  diameter  and  verifying  the  workmanship.  All  meas- 
urements to  be  made  in  the  planes  determined  by  the  scores.  (See  Notes  on  the  Con- 
struction of  Ordnance,  No.  5.) 

(2)  Jfter  hoops  are  in  place. — Interior  diameter  of  bore  and  exterior  diameters  of 
hoops  to  be  measured  as  before,  the  4  diameters  scored  on  each  face  of  hoop  being  op- 

Sosite  to  the  correspondiuffly  numbered  ones  on  cylinder.  For  measuring  the  interior 
iameters  of  hoops,  short  snallow  grooves  are  made  on  each  face  of  cylinder,  and  sab- 
seqoentiy  on  inner  hoop,  as  shown  on  following  sketch,  and  of  Jnst  sufiScient  size  to 
expose  the  extremities  of  the  diameters  before  measured  at  0.1  inch  within  the  faces, 
and  to  allow  sufficient  room  for  manipulating  the  points  of  the  vernier  calipers.  For 
this  purpose  the  dimenuions  of  the  groove  to  be  about  f  inch  wide  and  about  0.2 
inch  deep  from  the  face  of  the  hoop. 


TWO  HOOPS. 


ONE  HOOP. 


^Inasmuch  as  these  diameters  must  subsequently  be  measured  with  vernier  beam 
calipers  (i.  «.,  whilst  the  hoops  are  in  place  on  the  cylinder),  it  would  be  well  to 
measure  them  at  this  time  also  with  this  instrnraenf,  in  addition  to  the  measurements 
with  *' points.''  In  using  the  beam  calipers  it  will  4>e,  of  coarse,  highly  ImportaDt 
that  the  inner  edge  of  the  hoop  should  not  be  the  least  burred,  so  that  these  edffes 
must,  in  the  first  place,  be  carefully  finished  and  great  care  taken  throughout  the 
operations  not  to  bruise  them. 
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The  grooyes  are  made  by  drilliDg  holes  near  the  oater  faoeof  cylinder  and  flniahing 
the  grooves  at  these  portions  with  a  hand  chisel. 

The  film  of  metal  between  drill-holes  and  inner  surface  of  hoop  is  left  to  be  taket 
oat  last,  the  Job  being  given  to  a  careful  workman,  with  ins 
care  not  to  iignre  inner  surface  or  edge  of  hoop.* 

(3)  AfitT  hoop9  are  remaved.—The  same  measurements  to  be  repeated  as  before,  ex- 
eept  that  for  the  cylinder  and  the  interior  hoop  the  exterior  diameter  will  be  meas- 
ured at  points  just  beyond  the  grooves,  and  for  exactness  measurements  should  have 
been  miMle  at  these  same  points  before  the  assemblage. 

HOOPING  OPERATIONS  UPON    THE   EXPERIMENTAL  CYLINDER  FOR  12- 

INCH  M.  L.  R.  MORTAR. 

The  operation  of  shrinking  on  the  hoops  was  conducted  in  the  open 
air,  in  the  vicinity  of  a  crane,  by  means  of  which  the  hoop  coald  be 
lifted  from  the  fire,  shifted  over  the  cylinder,  and  lowered.  The  cylin- 
der and  hoop  were  placed  in  the  circumference  of  a  circle  whose  center 
was  the  vertical  axis  of  the  crane  and  whose  radius  the  length  of  its 
arm. 

The  hoop,nionnted  on  four  iron  supports  and  leveled,  was  surrounded 
by  a  perforated  sheet-iron  flask,  of  sufficient  diameter  to  leave  about 
one  foot  between  it  and  the  exterior  of  the  hoop.  The  lower  edge  of 
the  hoop  was  about  6  inches  from  the  ground,  on  which  were  placed 
fine  shavings  to  the  depth  of  an  inch,  together  with  a  few  small  pieces 
of  pine. 

The  cylinder,  also  leveled,  rested  on  an  iron  surface  similar  to  the 
bed-plate  of  a  planer,  and  on  this  plate,  at  the  extremities  of  four  diam- 
eters outside  of  and  close  to  the  cylinder,  were  placed  four  rectangular 
pieces  of  iron,  accurately  planed  so  as  to  be  one-fourth  inch  in  height. 

At  the  bottom  of  the  bore  of  the  cylinder  was  placed  a  wooden  disk 
fitting  water-tight  and  having  a  hole  one-fourth  inch  in  diameter  in  its 
center.  Connections  were  made  with  two  neighboring  hydrants  by 
two  pieces  of  one -inch  hose.  One  hose  terminated  in  a  piece  of  gas- 
pipe  with  one  end  curved,  the  circular  part  being  of  a  little  greater 
diameter  than  the  hoop. 

Its  inner  surface  was  pierced  with  holes  to  give  vent  to  the  jets  of 
water  for  cooling  the  exterior  of  the  hoop.  The  other  hose  was  used  to 
keep  the  bore  filled  with  wat4?r.  Four  chains,  with  long  links,  termi- 
nated at  one  end  in  a  ring  common  to  all  and  attached  to  the  crane,  and 
attheotherinanironbar  linch  wide  and  bentat  right  angles  at  its  lower 
extremity  to  form  a  kind  of  hook,  to  engage  the  hoop  in  lifting  it  from 
the  fire. 

For  regulating  the  expansion  of  the  hoops  two  wooden  rods  termi- 
nating in  iron  i)oints  were  used.    This  expansion  was  to  be  kept  within 

irjff  *od  Tv#7  ®^  ^^^  diameter. 
The  lengths  of  the  rods  were : 


For  Inner  hoop  (Hoop  A) 
Tor  oater  boop  (Hoop  B) 


MAximnm. 


Inchet. 
81. 10458 
36. 0216 


Minimam. 


Ineheit. 
31. 07359 
35.9857 


In  the  manipulation  of  the  first  hoop  the  hooks  were  not  placed 
under  the  hoop  until  after  the  minimum  wire  had  entered,  and  as  the 

*Thi8  work  may  be  begun  for  the  snccessive  interior  lueaBurements  of  each  hoop  as 
toon  after  the  shrinkage  as  the  hoop  and  cylinder  may  have  become  cool  enougn  to 
work  with. 


216 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


fire  was  very  fierce  some  time  was  occupied  in  placing  them,  which  al- 
lowed the  hoop  to  expand  a  little  in  excess  of  that  allowed. 

In  putting  on  the  second  hoop  the  hooks  were  placed  in  position  be- 
fore the  fire  was  lighted,  so  that  no  nnnecessary  delay  occurred. 

The  shavings  being  lighted,  pine  wood  was  laid  with  one  end  resting 
on  the  ground  and  the  other  against  the  hoop,  both  inside  and  out.  As 
soon  as  the  minimum  wire  entered,  the  hoop  wa«  raised,  brushed  clean 
on  the  inside,  and  lowered  over  the  cylinder  until  it  rested  on  thesmaU 
pieces  of  iron  previously  mentioned. 

The  bore  in  the  mean  time  had  been  filled  with  water,  and  as  soon  as 
the  hoop  was  lowered  the  plug  in  the  bottom  was  removed  and  the  water 
from  the  hose  turned  in  the  bore. 

When  the  hoop  had  closed  the  other  pipe  was  brought  around  the 
hoop  and  water  turned  on  slowly  at  first,  but  more  plentifully  after- 
wards. The  water  was  applied  first  near  the  base  and  afterwards  raised 
slowly  to  the  top.  Care  was  taken  to  bring  the  corresponding  diame- 
ters together. 

Details  of  heating. 


Date 

Fire  lighted 

Minimam  wire  entered 

Hoop  removed  from  fire . . . 

Hoop  in  position 

Water  turned  on  in  bore. .. 

Hoop  closed 

Water  turned  on  outside . . 

Water  in  bore  shnt  off 

Water  on  exterior  shut  off 


Inner  hoop 

0nt«r  hoop 

(Hoop  A). 

(Hoop  B). 

July  2, 1884. 

July  18, 1884. 

a.  m. 

p.  m. 

lb  J2- 

10"  16- 

1    28 

10    42 

1    38 

10    43 

1    40 

10    45 

1    41 

10    46 

1     58 

11    00 

1    58 

11    01 

2    31 

11    44 

2    31 

11    48 

B^SUMti. 


Time  of  heatingr 

Time  required  t4>  clean  hoop  and  get  it  in  position 

Time  of  coolinis 

Time  from  application  of  hoop  until  it  closed  on  cylinder. 

Total  duration  of  experiment 

Temperat  ui  e  of  water  at  hydrant 

Maxiiiium  tempeiature  of  water  in  bore •. . . 

Maximum  rise  of  lemperatuie  of  water  in  boce 


t27- 

u- 

44- 

15- 
1^  39- 
65«> 
810.6 
190. 5 


*This  hoop  was  ready  for  application  in  16  minutes,  \  ut  its  lemoTal  was  delated  for  the  reason  given 
above. 

tThe*fire  for  the  first  hoop  was  more  intense  than  that  used  for  the  second,  experience  having  abowa 
that  but  comparatively  little  heat  was  necessary  to  obtain  the  required  expansion. 


ADDITIONAL  NOTES. 

Inner  hoop  (Hoop  A). 

This  hoop  was  not  placed  exactly  concentric  with  the  cylinder,  one 
side  coining  in  contact  before  the  other. 

The  maximum  openings  between  the  two  being  at  1^  47™  p.m.=.026"; 
P  52°^  30*  p.  m.=.02" ;  l^^  58"=0. 

At  2.03  p.  ni.  (23  minutes  after  application)  the  heat  had  reached  a 
point  about  two-thirds  the  thickness  of  the  cylinder,  estimated  from  the 
exterior. 

At  2.04  the  heat  had  penetrated  throughout  the  casting.  The  in- 
ward progress  of  the  heat  was  roughly  followed  by  the  hand. 
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At  2.17  the  inner  half  of  the  cylinder  was  hotter  than  the  outer. 

At  2.19  hoop  cool  enough  to  "bear  the  hand^  on  the  exterior;  heat 
barely  perceptible  on  the  interior. 

At  2.31  the  cast-iron  cylinder  and  steel  hoop  were  sufficiently  cool  to 
shut  ofif  the  water;  a  plug  was  placed  in  the  hole  in  the  wooden  disk  to 
keep  the  bore  full. 

Outer  Jioop  {Hoop  B). 

This  hoop  was  placed  with  one  point  of  a  scored  diameter  in  contact 
with  the  corresponding  point  on  the  cylinder.  The  maximum  openings 
between  the  hoops  were  as  follows : 


Time  a.  m. 

1 

Maximnm  opening.              ' 

lu"»  45- 

Hoop  in  position. 

lO**  45« 

=.07". 

lOh  49"" 

=.035". 

lO**  63- 

=.03". 

lO"  54- 

=.02". 

10"  57- 

=.015". 

10*  57-  so- 

=.01". 

il  ••  00- 

=0.0".    Hoop  clamped. 

10"  50- 

Heat  had  penetrated  inner  hoop. 

1 

N*B. — The  maximnm  openings  for  both  hoops  are  only  approximate^ 
as  the  observers  did  not  have  the  proper  gauges  to  make  accurate  ob- 
servations. 

Experimental  cylinder  from  I2'inch  M.  L,  R.  mortar, 
TEMPERATURE  OP  WATER  IN  BORE. 

Objsdt:  Application  of  inner  hoop  (Hoop  A).    DaU:  July  2,  1884.    Hydrant  Umperature :  72®  Fah- 
renheit.    Water  rate :  Kot  meatmred.    TempertUure  of  air:  77^  Fahrenheit] 


Hoop  in  position  on  cylinder  at 

Hydrant  temperature  at 

Temperature  of  water  in  bore : 

Temperature  =  hydrant  temperature  at. 

Temp<*ratureat 


Temperature  at 

Temperature  at 

Temperature  at 

Temperature  at 

Temperature  at 

Temperature  at 

Water  shut  off  at 

Temperature  at 

Temperature  at 

Temperature  at 

Temperature  at 

Water  let  out  of  bore  at 


Time. 

Itompera 
ture. 

h.  tn. 

o 

1  40 
1  50 

...... ...... 

72 

1  50 

2  09 

9i 

2  13 

93 

2  17 

91.5 

2  21 

91.5 

2  25 

90.5 

2  29 

86 

2  31 

86 

2  31 



2  45 

91 

2  48 

91.5 

2  52 

91 

2  58 

91 

3  00 
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{Obfmt:  Application  of  outer  hoop  (Hoop  B).    l>aU:  July  18,  1884.    Hydrani  Umpmuture:  9P  Tib* 

renheit.    Water:  Bate  not  meMured.] 


Time. 

Tempera- 
tare. 

Hoop  in  position  on  oylinder  at 

Hydrant  temperatnre  at  ^ ... 

A.  UK 
10  45 

10  45 

11  20 
11  26 
11  88 
11  39 
11  44 
11  44 
11  46 
11  50 
11  53 
11  64 
11  55 
11  55 

o 

65 

80 

70.6 

78.6 

74 

72.6 

Temperatare  of  water  in  bore  at 

Temperatare  of  water  in  bore  at . . . 
Temperatnre  of  water  in  bore  at; . . . 
Temperatare  of  water  in  bore  at) . . . 
Temperature  of  water  in  bore  at . . . 
Water  in  bore  Bbnt  off  at 

Temperatare  of  water  in  bore  at. . . 
Temperatare  of  water  in  bore  at . . . 
Temperatare  of  water  in  bore  at . . . 
Temperatare  of  water  in  bore  at . . . 
Temperature  of  water  in  bore  at . . . 
Water  let  oat  of  bore  at 

75 

80 

81 

81.5 

81.6 

UNHOOPING  EXPERIMENTAL  CYLINDER  CUT  FROM  12-INCH  M.  L.  E. 

MORTAR. 

L — Removal  of  second  or  outer  hoop  {July  26, 1884). 

PREPARATIONS  FOR  UNHOOPING. 

A  circular  irrn  plate  with  a  central  opening  was  placed  horizontally 
upon  three  conical  le^s  or  supports,  so  as  to  elevate  it  about  18  inches 
from  the  foundry  floor;  the  experimental  cylinder  carrying  the  two  steel 
hoops  was  placed  upon  this  plate  concentric  with  the  central  opening. 
The  size  of  the  hole  was  such  as  to  permit,  without  difficulty,  the  pas- 
sage of  the  cylinder  and  inner  hoop,  but  not  the  outer  hoop.  Exterior 
to  this  cylinder,  and  resting  on  edge  upon  the  same  plate,  was  a  flask  of 
boiler  iron  three-eighths  inch  thick,  whose  diameter  was  about  6  inches 
greater  than  that  of  the  cylinder  with  its  two  hoops.  The  height  of  this 
flask  was  about  the  same  as  the  length  of  the  cylinder.  It  was  made  in 
two  sections  (each  a  semi-circle),  and  held  together  by  bolts  and  keys, 
easily  removable.  The  assembled  flask  was  placed  concentrically  about 
the  cylinder.  The  annular  space  between  the  flask  and  cylinder  was 
filled  in  with  molding-sand,  leaving  a  narrow  annul  us  next  to  outer  hoop 
(about  1.5  inches  thick,  measured  radially)  for  the'  introduction  of 
molten  iron,  which  was  to  furnish  the  heat  for  expanding  the  outer  hoop. 
This  open  space  was  preserved  by  the  employment  of  an  annulo-seg- 
mental  pattern  of  wood,  whose  curvilinear  boundaries  were  arcs  of  con- 
centric circles,  the  inner  one  haying  the  same  curvature  as  the  exterior 
surface  of  the  outer  hoop. 

This  pattern  was  moved  along  iaround  the  exterior  of  the  hoop,  and 
the  sand  filled  in  until  the  mold  was  completed.  In  order  to  remove 
readily  the  iron  used  for  heating  as  soon  as-  it  had  expanded  the  hoop 
sufficiently,  three  wooden  partitions  1  inch  thick  were  placed  about 
12(P  apart,  so  as  to  divide  the  empty  space  left  for  the  melted  iron  into 
three  equal  part«.  Over  the  middle  points  of  each  of  these  cavities  was 
placed  a  cup-shaped  runner,  lined  with  molding-sand,  and  provided 
with  a  rectangular  slot  in  the  bottom  about  2  inches  long  and  0.5 
inch  wide,  to  permit  the  passage  of  the  melted  iron  into  the  annular 
segments  next  to  the  hoop.  These  cup-like  cavities  caught  the  metal 
flowing  from  the  ladle,  and  prevented  the  stream  from  striking  the 
hoop  iu  pouring,  and  thus  overheating  one  spot  unnecessarily. 
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A  few  inches  of  molding-sand  was  placed  beneath  the  cylinder,  upon 
which  it  conld  fall  without  injuring  the  edges  when  the  outer  hoop  was 
expanded. 

UNHOOPING, 

When  all  was  ready,  six  men  with  three  small  ladles  simultaneously 
poured  molten  iron  in  until  the  space  around  the  outer  hoop  was  filled. 
As  soon  as  this  hoop  expanded  it  released  the  cylinder  and  inner  hoop, 
which  fell  upon  the  sand  beneath,  due  to  its  own  weight,  without  being 
affected  by  the  heat  at  all.  80  instantaneous  was  its  fall  that  the  ex- 
terior surface  of  the  inner  hoop  was  cold  when  examined  a  few  seconds 
after  the  fall.  The  instant  the  cylinder  and  inner  hoop  were  released, 
the  outer  fiask  was  torn  away  by  loosening  the  keys  and  bolts,  the 
molding-sand  removed,  and  the  iron,  which  had  chilled,  removed  from 
GODtact  with  the  hoop.  This  latter  was  easily  done  on  account  of  the 
segments  into  which  it  was  divided  by  the  three  wooden  partitions.  The 
contraction  due  to  cooling  was  not  great  enough  to  cause  th'e  iron  to 
cling  to  the  exterior  of  the  hoop. 

The  heat  from  the  molten  iron  produced  in  four  minutes  a  higher  tem- 
perature iu  the  outer  hoop  than  that  used  in  expanding  it  before  shrink- 
ing on.  The  color  of  the  steel  ran  up  between  brown  and  blue,  with  a 
tendency  towards  the  blue.  The  hoop  was  allowed  to  cool  in  the  air, 
when  both  it  and  the  cylinder  were  measured. 

Time  of  unhooping. 

Melted  iron  poured  in  at 3^  30™  p.  m. 

Cylinder  dropped  out  at 3t»  32™  30«  p.  m. 

Time  recjuired  to  expand  ont*?r  hoop 2™  30«  p.  m. 

Iron  (chilled)  removed  from  contact  with  outer  hoop 3^*  54"*  P*  ni. 

Time  from  removal  of  cylinder  t=o  removal  of  heated  iron 1™  30" 

Time  hot  iron  in  contact  with  outer  hoop 4™ 

II. — Removal  of  first  or  inner  hoop  {July  29,  1884). 

The  arrangements  for  removing  this  hoop  were  similar  to  those  for 
the  outer  hoop,  except  that  but  two  wood  }>artitions  were  used  for  divid- 
ing the  iron  into  segments,  instead  of  three,  which  probably  accounted 
partially  for  the  difficulty  euc<»untered  latter.  Two  runners,  instead  of 
three,  were  also  emiiloyed,  and  the  molten  iron  struck  the  hoop  in  pour- 
ing, which  should  have  been  avoided.  The  iron  was  too  hot  when 
poured,  and  in  attempting  its  removal  a  piece  aboat  4  inches  square 
adhered  to  the  hoop  at  or  near  one  pouring-point,  and  a  piece  about 
12  inches  long  and  of  the  whole  width  of  the  hoop  adhered  to  the  latter 
at  the  other  pouring  point.  These  pieces  resisted  all  attempts  at  their 
removal,  and  were  allowed  to  remain  until  cold. 

Time  of  unhooping. 

Melted  iron  poured  at 4'>  7™  p.  m. 

Cast-iron  cylinder  dropped  out  at 4'*  8">  40*  p.  m. 

Time  required  to  expand  inner  hoop 1™  40* 

Flask  removed  at ^ 4*»  9™  p.  m. 

Greater  part  of  chilled  iron  off  at 4'*  10"  p.  m. 

Time  hot  iron  iu  contact  with  hoop 3" 

Part  of  iron  which  adhere<l  to  hoop  was  left  until  cool.  Hoop  over- 
heated in  two  segments  by  long  contact  with  hot  metal. 

BEMAEKS. 

The  results  of  the  experiments  are  tabulated  for  reference,  and  are 
given  in  Tables  A  to  F,  both  inclusive.    The  detailed  measurements  are 
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DIAGRAM  SHOWING  METHOD  OF  UNHOOPING. 

PLAN. 


SECTION  AND  ELEVATION. 


ExFLAHATioir  OP  DIAGRAM.— G  C,  oast-iron  body ;  A,  A,  inner  hoop  (Hoop  A) ;  B  B,  onter  hoop  (Hoop 
B);  D  D,  iDolt«*ii  cast-irno;  E  E.  moldlng-aand ;  F  F.  boiler-iron  flask:  O  O,  ciroular  caat-iron  plate; 
H  H,  cooioal  supports;  I,  moldinff-sand  to  provent  injury  to  cylinder  in  falling;  ana^  wooden  parti* 
tions  to  divide  the  pourea  metal  Into  seffm<'nts  for  easy  removal;  b  bb,  ponring-holea. 

KoTB. — In  the  section  and  elevation  the  cylinder  with  A  hoop  is  shown  in  the  act  of  dropping  out  of 
EoopB. 
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cootaineil  in  Tables  1  to  37,  both  inclasive,  which  form  the  appendix  to 
tbis  report 

The  ineasuremeDts  made  upon  the  hoops  after  removal,  by  means  of 
molten  iron,  are  practically  valueless,  on  account  of  the  distortion  due 
to  the  great  heat  and  to  the  clinging  of  the  iron  to  the  metal  of  Hoop  A^. 

Table  A. — Experimental  cylinder  12'inch  M.  L.  R.  mortar, 

PBESCRIBED  AND  ACTUAL  DIMENSIONS  BEFOBE  APPLICATION,  ETC. 

PSXPLAXATION  OF  TKRMB  U8BD  ix  TABLits.-«(l)  EcetnUrieity  is  the  difft^renoe  between  the  greatest  and 
leMt  dUmeter  in  any  net  of  four  diaraetfira.  (2)  Mean  eccentricity  is  the  difference  bt^tween  the 
peateftt  and  leaat  means  of  the  measiirementa  taken  on  the  four  m^ries  of  diHrnetera.  (3)  OoniecUneM 
is  the  difference  between  the  mean  diameters,  determined  from  measiirHraentH  at  0.1''  from  each  end 
made  with  vernier  beam  calipers.  (4)  Ucucimum  ettiutricHon  is  the  difference  between  frn>atfSt  and 
least  neans  of  the  netH  of  foar  diameters.  (5)  ParalMUm  is  the  difforHnee  bctwenn  the  exterior  and 
interior  1ea{[th«,  meaaared  at  t*ither  end  of  any  acorfd  diameter.  (6)  Mean  paraUelitm  is  the  differ- 
ence  between  the  exterior  and  interior  mean  lengths.] 


Snbjeot. 


Intmor  diameter 

Sxterior  diameter: 

Theoretical     

liazinium    

Minimnm 

Lragth  

Belative  shrinkage  (per  1  inch) 
Absiiliite  shriokage: 

Tb(^retical- 

If  aximnm 

MiDininm 

Parallelism 

Eccentricity 

CoDicalness 


Casting. 


Dimensions. 


Variations. 


// 


31.  05208 

31. 0.'>558 

31.  052U8 

7.75 

.00168 

.  05208 
.056r>8 
.  052U8 


Prescribed.       Actual.    .  Allowed.  '     ActnaL 


// 


// 


12.0  12.0286    {    1  ;oJ        I     +. 


// 


0286 


.0614 


+  0.0035  ; 

-0.0000  , 
.0035 
.005    I 

.0036  I 


-.00068 

.004 

*.0008 

*.00l5 

0001 


H: 


Inner  hoop  (Hoop  Ax), 


Subject. 


Dimensions. 


Interior  diameter 

Exterior  diameter: 

Theoretical 

HMxininm 

Minimum 

I^nitth     

Relative  shrinkage  (per  1  inch) 
AhiolQte  shrinkage : 

Theorf«tical 

Maximum 

Minimum ..-..., 

Parallelism 

Seceutricity , 

Csnicahiees 


Prescribed. 


// 
31.0 

85.  9.')9ff4 
35.  95064 
35.  9561 
7.25 
.00168 

.  .0.5964 
.05964 
.0561 


Actual. 


Variations. 


AUowed. 


// 


C    t30.9068 
{§[30.99611 


35.  9528 
7.2490 


.0560 


-.0035 
+.000 


+.000 
-.0035 


+0.000 
-0.  (K)35 
.  04135 
-.005 

.0035 


Actual. 


// 


♦-.0032 
§-.  0039 


-.0073 
-. 0010 


-.00364 
0.0 
*.  00038 

S  *o.  001 

\    t.0026 
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Table  A. — Experimental  cylinder  12-inoh  M.  L.  JS.  mertor— Continued. 


Sabject. 


Interior  diameter 

Exterior  diameter: 

Theoretical 

Maximara 

M  inimum 

LenjEth  

Kelative  sbrinkai^e  (per  1  inch) 
Absolute  shrinkage: 

Theoretical 

Masinmm 

Miiiiiuum 

Parallelism 

Eccentricity 

Coni  calneee 


Outer  hoop  (Hoop  Bx).      * 


Dimenaioqa. 


Prescribed.       ActuaL 


n 


35.9 


41.6 
7.25 


n 

85.  8963 
8960 


Has- 


41. 5032 


Yariationa. 


Allowed. 


—.  0085 
+.000 


:.02 


7.2475 


I 


.0035 
.005 

.0035 


Actual 


It 

1_.0037 
$-.0040 


+.0032 
'11>'m25' 


{;: 


.0009 
«.  00044 
.0012 
0022 


*  Interior  diameter. 

t  Exterior  diameter. 

1  Determined  from  meaanremente  made  1  inch  ftvm  each  end  by  vernier  calipers. 

\  Determined  from  meaaurententa  throughout  hoop  taken  with  adjustable  rods. 

Table  B. — Conicalneii^, 

[The  conicalness  on  interior  is  determined  from  measurements  made  with  aci^ustable  rods;  on  the  ex* 
terior  from  measurements  made  with  the  diameter  calipers,  except  in  cases  noted.] 


Before  application 

After  application  of  A  hoop 
After  application  of  B  hoop 

After  removal  of  B  hoop  . . . 
After  removal  of  A  hoop  . . . 


Cast-iron  body.     I  Inner  hoop  (Ax).       Outer  hoop  (Bx). 


Interior. 


.0015 

.  0022 
.0U21 

.002 
.0036 


Exterior.,  Interior.    Exterior.;  Interior. 


Exterior. 


// 


// 


#/ 


.0001 


I 


\'!Zt  \  •«»• 


00<)5 
.0006 
.0015  , 


II 


\'. 


.0012 
001 


^0003  \        .0035        {' 


.0025 
0184 
0198 


} 


/I 


0022 


.0046 
\       .0168 


*  This  measure  for  the  conicalness  was  determined  from  measurement  made  with  vernier  calipera  at 
the  same  points  as  those  taken  with  adjustable  pointa ;  i.  «.,  at  0".l  from  each  end. 

Tablk  C, — Mean  eccentricity. 


Cast-iron  body. 
Interior. 


Hoop  Ax. 


Hoop  Bx. 


Before  application 

Affer  application  of  A  hoop 

After  application  of  B  hoop 

After  removal  of  B  hoop .00026 


II 


.0008 


.0005 
.00045 


Exterior.  Interior.    Exterior.  Interior.    Exterior. 


After  removal  of  A  hoop 00105 


// 


// 


.00047 


5  .00038 
{  *.  0005 
*.0013 
*.  0U075 


II 
I  .00 


II 


00028 


C  .00044 
i*.00U5 


II 
\     .(« 


00127 


^ooo5 


.00021 


{•: 


.01947 
0195 


.00076  |/ 
J  .01685  .... 


i4.. 

•.001 
01694 
0165 


.001S5 
I     .01832 


*  Measured  by  vernier  calipera. 
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Table  D. — Mean  parallelUm, 


Before  application 

After  reiooTsl  of  Hoop  Bx. 
After  removal  of  Hoop  Ax 


Cast-iron 
body. 


.004 


.005 


Hoop  Ax.'Hoop  B«. 


II 
0.0 


.0067 


// 


.0009 
.006 


Table  ^.—Diameters  of  here  of  experimental  cylinder  for  124nch  M,  L,  B.  mortar  before 
f^oepihg ;  after  application  of  Hoops  Ax  and  Bx;  aho  the  compressions  of  the  bore  due  to 
the  application  of  Hoop  Ax,  Hoop  Bx,  and  both  hoops. 


Mean  diameters  of  bore  ready  for  hooping,  &c. 

Compresi 

lion  of  I>ore  dae  to— 

Distance  ftmn 
marked  fkce. 

i 

t 

% 

After  application 
Hoop  As. 

After  flnishinff  ex- 
terior Hoop  A«.* 
(c) 

After  application 
Hoop  Bak 

After  finishing  ex- 
terior Hoop  ox,\ 
(«) 

Application  of 
Hoop  A«. 

Application  of 
Hoop  Ba;. 

Application  of  both 
Hoops  (total), 
(o-d) 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

0.1  inch 

Inekts, 

12.0296 

12.0296 

12.0293 

12.0288 

12.0285 

19  eas& 

12.0201 
12.0199 
12. 0191 
10. 0101 
12.0185 
12. 0181 
12. 0179 

12. 0178 
12. 0175 

12. 0179 

InohMM, 

Inthts. 
12. 0121 
12.0119 
12. 0110 
12.0113 
12.0104 
12. 0104 
12. 0101 
12.0100 
12. 0100 
12.0100 

Ifuihu. 

Inches. 
.0095 
.0097 
.0102 
.0097 
.0100 
.0102 
.0096 
.0107 
.0106 
.0102 

Imihm. 
.0080 
.0080 
.0081 
.0078 
.0081 
.0077 
.0078 
.0078 
.0075 
.0079 

Inehits, 

.0175 

0.35  ineb 

.0177 

1.375  lochea 

.0188 

2J75  inches 

.0176 

8.375  Inches 

.0181 

4.375  inches 

.0179 

&.375  inches.  J. 12.0275 

.0174 

OiSTShiches...    "       iS-09ftS 

.0186 

7.1Shicbe8 "'.' 

12.0281 
12.0281 

.0181 

T.»inches 

Onuid  means..! 

.0181 

12.0286 

12  0186 

12  0107 

.0100 

.0079 

.0079 

*irot  tAken. 


tHoop  B«  finished  before  application. 
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REPORT  OF  EXPERIMENTS  CONDUCTED  AT  THE  WEST  POINT  FOUNDRY 
IN  ASSEMBLING  AND  DISMANTLING  A  COMPOUND  CYLINDER,  REPRE- 
SENTING A  SECTION  OVER  THE  POWDER  CHAMBER  OF  THE  EXPERI- 
MENTAL  STEEL  8-INCH  BREECH-LOADING  RIFLE,  DOUBLE-HOOPED, 

By  LrBUT.  Rogkbs  Bibkib,  Jr.,  Ordnance  Dbpartmbnt,  U.  S.  Army. 

(4  plates.) 

Office  of  Inspbotoe  of  Ordnance,  U.  S.  A., 

West  Point  Foundry, 
Cold  Spring,  N.  Y.,  April  8, 1885. 

Oenerax:  I  have  the  honor  to  transmit  herewith  a  report  of  the 
hooping  test  of  a  compoand  cylinder,  representing  a  section  over  the 
powder-charinber  of  the  experimental  8-inch  steel  breech-loading  rifle 
DOW  in  coarse  of  construction  at  this  foundry.  The  test  was  conducted 
in  the  manner  directed  by  your  instructions  dated  December  1,  1884, 
which  are  appended  as  part  of  the  report.  The  assemblage  of  the  sec- 
tion was  completed  during  the  month  of  December,  1884,  after  which  it 
was  allowed  to  stand  about  two  weeks  before  being  dismantled.  A 
synopsis  of  the  tests  of  detached  specimens  of  the  metal  of  the  elemen- 
tary cylinders,  made  upon  the  United  States  testing  machine.  Water- 
town  arsenal,  Massachusetts,  in  connection  with  the  hooping  test,  is  em- 
hodied  in  tbe  report. 

Very  respectfully,  your  obedient  servant, 

E.  BIRNIE,  Jr., 
lAeuienant  of  Ordnance. 
The  Chief  of  Ordnance,  U.  S.  A., 

WashingUmy  D.  0. 
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This  work  v/a»  prosecuted  under  instructions  from  tbe  Chief  of  Ord- 
nance, U.  S.  Army,  as  a  prelim ioary  to  the  conatruction  of  tbe  gun. 
Id  the  section  selected  for  tbe  test  the  wall  of  the  gun  (see  Plate  IV) 
comprises  tbe  following  parts,  Tiz:  The  tube,  2.35 inches;  the  jacket^ 
4  inches;  the  inner  (A)  boop,  2.15  inches,  and  the  outer  (B)  hoop,  2.6 
inches  in  thickness.  Tbe  diameter  of  the  bore  (or  chamber]  is  9.5  inches 
and  tbe  exterior  diameter  31.5  inches.  The  thickness  of  wall  is  tben 
1.375  calibers,  expressed  in  terms  of  the  caliber  of  the  gun,  and  about 
1.16  calibers,  iu  terms  of  the  diameter  of  tbe  chamber.  The  length  of 
the  section  was  made  7.5  inches  for  tbe  hoops,  with  slightly  increased 
lengths  for  the  jacket  and  tnbe,  to  prevent  the  last  from  giving  way  at 
its  unsupported  ends,  and  with  tbe  intent  to  equalize  the  diametric^ 
changes  of  dimensions  throughout  the  length  of  each  of  tbe  elementary 
cylinders. 

THE  METALS  USED  IN  THE  CONSTRUOTIOM. 

The  metals  composing  the  elementary  cylinders  employed  in  this  ex- 
perimental construction  were  of  tbe  same  manufacture  as  those  intended 
to  be  used  for  the  corresponding  parts  of  the  gnn  for  which  the  tube, 
javket,  and  trunnion  hoop  have  been  manufactured  by  Whitworth,  and 
'all  the  remainder  of  the  hoops  by  the  Midvale  Steel  Company,  Nice- 
town,  Pa.  The  orders  for  tbe  steel  forgtngs  for  the  gun  included  two 
cylinders,  24  inches  iu  length,  of  cross-sections  corresponding  to  tbe 
tube  and  jacket,  and  to  be  treated  in  the  same  way  as  the  larger  pieces. 
The  experimental  tube  and  Jacket  cylinders  were  cut  from  one  end  of 
these  cylinders,  and  the  test  pieces  for  the  free  tests  of  the  metal  were 
taken  inside  of  these  or  near  tbe  middle  of  the  forging.  The  forgings 
for  the  tube  and  jacket  of  the  guu,  manufactured  at  the  same  time  with 
these  cylinders,  were  rejected  under  tests  made  upon  specimens  of  metal 
taken  from  their  breech  ends,  where,  as  has  since  beeu  shown,  tbe 
metSl  was  locally  injured,  probably  by  overheating  in  the  annealing 
process  subsequent  to  the  oil  tern i>e ring."  But  the  tests  of  the  extra 
forgings  showed  them  to  be  of  an  average  quality  which  would  permit 
their  use  for  the  purposes  of  the  present  experiment. 

Tbe  tw*  boops  marked  Ax  and  Bj^  were  taken  from  tbe  whole  lot  of 
hoops  mado  for  the  gun  by  tbe  Midvale  Company,  The  testa  made  of 
tbe  metal  of  these  hoops  showed  t(iem  to  possess  tbe  excellent  uniforoa 
quabty  common  to  the  remainder  of  the  lot.  These  two  hoops  were 
rolledf,  oil-tempered,  and  subsequently  annealed. 

*  See  foot-note  to  page  10,  K«port  of  the  Chief  of  Ordnance,  U.  S.  Army,  1884. 

New  forgings  for  the  gun  tube  and  jacket,  since  supplied  by  Whitworth,  have  been 
fonnd  satisfactory. 

t  The  smaller  boops  for  tbe  portioti  of  the  gun  forward  of  tt^  truDnions  were  foiged 
aud  not  Tolled,  bat  the  testAof  tbe  metalsbow  them  to  be  of  practically  the  Muiieqii*l< 
ity  as  the  rolled  boops. 
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PhyHcal  properties  of  the  metals  before  and  after  the  hooping  test — 
Original  tests  were  made  of  specimen  bars  cat  from  the  several  forc- 
ings to  ascertain  the  physical  qnalities  of  the  metals  for  use  in  comput- 
ing the  shriukages  to  be  used  in  the  experimental  hooping  test,%nd  to 
determine  the  fitness  of  the  metals  for  the  purposes  of  the  construction. 
Subsequent  tests  were  made  of  bars  cut  from  each  of  the  elementary 
cylinders  following  the  dismantling  of  the  experimental  section,  in  or- 
der to  determine  the  effect  of  the  intermediate  operations  upon  the 
physical  qualities  of  the  metals.*  All  of  the  tests  were  made  upon  the 
United  States  testing  machine,  at  Watertown  arsenal,  Massachasetts. 

Plate  I  shows  the  positions  of  all  the  specimens  for  tests  by  both  ten- 
sion and  compression  taken  from  the  tube  and  jacket  cylinders;  in  Figs. 
2  and  4  those  for  the  tube  before  and  after  the  hooping,  respectively^ 
and  in  Figs.  1  and  3  those  for  the  jacket  similarly  arranged. 

The  metal  of  the  hoops  was  subjected  to  tests  by  tension  only  corre- 
sponding to  the  important  part  of  their  duty  in  the  gun.  Anticipating, 
however,  from  previous  experiments  that  the  hooping  test  and  inci- 
dental operations  would  bring  about  a  degradation  of  the  tensile  qual- 
ities of  the  hoop  metal,  special  tests  of  bars,  in  addition  to  the  usual 
ones,  were  made  from  the  metal  of  the  oater  hoop.  Six  specimens 
(see  Fig.  3,  Plate  II)  were  taken  from  this  hoop  following  the  hooping 
test.  The  alternate  numbers  B  E  X,  1,  3,  and  4  were  first  tested  in 
the  usual  way.  Afterwards  the  remaining  three,  B  E  X,  2,  5,  and  6,  were 
first  subjected  to  a  sudden  stress  of  58,000  pounds  per  square  inch, 
which  exceeded  by  about  2,000  pounds  per  square  inch  the  elastic  limit 
found  for  the  first  three  specimens,  and  were  then  tested  in  the  usual 
way.  The  sudden  stress  was  applied  five  times  to  each  specimen  at  in- 
tervals of  ten  minutes  between  the  applications.  Each  application  of 
the  stress  occupied  about  two  seconds  of  time.  The  object  of  these 
special  tests  was  to  ascertain  the  behavior  of  the  metal  following  its 
subjection  to  the  hooping  test  under  circumstances  assimilated  as  nearly 
as  possible  to  those  attending  the  actual  firing  of  the  gun,  and  to  find 
(supposing  its  elastic  limit  to  have  been  lowered  by  the  hooping  test) 
to  what  extent  its  loss  of  elastic  strength  would  be  restored. 

Plate  II  shows  the  positions  of  specimens  taken  from  the  hoops :  in 
Figs.  1  and  2  before  the  hooping  test,  and  in  Figs.  3  and  4  following 
that  test.  The  dimensions  of  the  finished  specimen  bars  as  tested  are 
shown  in  Plate  III,  Figs.  1  and  3. 

In  the  following  table  the  results  of  the  tests  are  arranged  to  show 
the  effect  of  progressive  loads  within  the  elastic  limit,  to  enable  the 
selection  from  the  tests  of  original  metal,  of  the  values  of  the  physical 
constants  to  be  used  in  computing  the  shrinkages,  and,  by  comparison 
with  the  tests  made  after  the  hooping,  to  show  the  percentages  of  gain 
or  loss  of  the  physical  qualities  of  the  metals  within  the  limits  which 
the  metal  would  be  called  upon  to  work  in  the  gun  when  fired. 

*  The  discussion  of  the  results  of  these  tests  would  iu  natural  order  follow  that  of 
the  hooping  test,  but  it  seems  better  to  place  it  here  in  order  to  make  direct  compari- 
son  with  the  tests  of  the  original  metal,  dnd  present  at  once  the  conclusions  which 
these  tests  of  the  metal  enable  to  be  drawn  regarding  the  effect  of  the  hooping  oper- 
fttioDs  apoQ  the  physical  qualities  of  the  metfd. 
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Table  1. — ElaiHt;  propertin.and  ifrnfM 


s 

Marks. 

i 

^ 

A  T.O 

8.0 

BT.  M 

3.0 

CT.I 

8.0 

TTl.M-...[  3.0 


Afi«r  tbe  hoaptojE- 


f    TTl.ll 
I  '  T  T  2. 1 


Ueu>  lain  psrcsDtige  of  original  i|uft1ltlH 


0.00115.  0,00150. 


(■  CTI.M.... 
,   1    CT2,  I  .... 


3EL  6T5     W,  3»  \ 
M,32B  j  M,ei(' 


.    X7.000     38.  us     30,790 


B«[ontbelii>oplDi[ 


I.T.M 

J.T.I 


3.  0  '  0.  904      4T,  OOO     18,  ISO 
3. 0  I  0.  H4  '  45, 000     44, 500 


f    TJl.O I  3.0     0.501 


Z.  750  I  45.  000  i  M,  51 


4L900  j  45,0M; 
42.760  ;  «.i«  ; 


I  43.000  '  44.315      40,000  I  47.500  |  4S.M 


0.798  114.000  4^a25'  48,000      47,000      «,«00'    [ 

0.79S      14,000  10,  000  I  47.  000  48,  OOO  I  50. 000  >  U,  ON  I 

O.TmUz.OOO  13,500      45,500  ,  47.  500  I  4«.31£      t8,8B| 

0.T08  ,  40,500  I  12.500      45,000  |  40,250     47,000  '■  17,500  I 

I  13. 525  ■  44.330  ;  15,875  I  47,100     48.880  ]. I 
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0/  ike  metob  l^ore  and  qfter  tke  hoping  test. 


Sebtive  elattio  extension 
(iDehes)  and  oorresponding 
itresiM  per  •qnare  Inch. 


aooiao. 


aooiesi  0. 00170. 


BlMtic  limit. 


0. 00175. 


Ut. 
58,000 

u,ooo 


Lbt.    '  Lbt. 


d 
?4 


■s 


r 

H 


Xdf. 


Lb$.  Jn$het. 

53,000  0.0010 

54, 000  0. 0016 

44. 000  0. 00137 


50,3S0     0.001522 


60,500    51,500    53,000 


53.000  •  0.0017 
47, 000  I  0.  00143 


....' ' .  50,000 

1 

0.7 

1 

41,000 

43,000 

46,000 

47,000 

49,000 
44,000 

43,250 

45,825' 

40,666' 

46»756 

43,000 

2.8 


83,000 
37,000 


0.0018 
0. 001425 
0. 0018 

0.00143 

0.00137 


43, 200  •  0.  001566 


47.500!  48,600     49,506 
40,000  147,000     57,670 


«i«  I 


40,760  I  47.750     48,585 


51,000 
49,500 


50,250 


53,000 
50,000 


0. 001775 
0.  00175 


51, 500     0. 001762 


5S,S0O    56,500  !  58,000 

e,«w 

41,010    51,500  '  52,000 

50.S00j52;OO0    53,000 
«1,0W( 


69,500 


10.3 

60,800 

52,800 

50,760 

53,000 
51,000 


12.6 


0.0018 

0.0016 

0.0020 

0. 0017 
0.0016 


51,760 


55.472  I  0.00174 


48,500 


50.500 


52,000 


53,500     50,000 


49,000  •  0.001588 
51, 000     0.  00150 


>  53,000 


0.002033 


0.001689 


4.5 


2.0 


UlUmate  re- 
siatanoe. 


cs 
p 
a* 


'3 

3 


Lb§. 

86,040 

89, 320 
84,000 


86,450 


S 


Inchet. 
0.2467 

0.2400 

0.2000 


Bemftrks. 


0.2289 


After  58,000  stretotaed  npidly 

and  load  fell  to  48,000. 
After  54,000  stretched   rapidly 

and  load  fell  to  49,000. 
After  44,000  stretched  rapidly 

and  load  feU  to  41,000. 


91,040 
87,560 


80, 300 


0. 2133 
0.2433 


0.2283 


3.2 


0.3 


80.600 
78,400 


79,500 


Rapid  deflection  at  60,000  pounds. 
Rapid  deflection  at  45,600  pounds. 
Decided     deflection     at    50,000 

pounds. 
Gradual  deflection  beyond  elastic 

limit. 


Triple  flexure. 
Do. 


104, 000     0. 21 


93,280 

97,000 

100,560 
91,600 


0.20 

0.173 

0.12 
0.20 


07,288 


0.1806 


88,160 

95, 400 

107, 140 


I 


96,900 


After  60,800   stretched   rapidly 

and  load  fell  to  57,000. 
After   52,800   stretched  rapidly 

and  load  fell  to  50,000. 
After  59,760  stretched   rapidly 

and  load  fell  to  56,000. 


0.25 
0.2167  I 
0.150 


0.2056 


0.4 


g.«0  188,500  55.000  56,000 
50.500  152,500  54,000  66,260 
«.00O!51,50O     53^000    


49.000 
59.000 
57,000 
54,000 


0.0015 
0. 001775 
0. 0018 
0.  001733 


54,750  I  O.OC1702 


13.8 


Rapid  deflection  at  50, 000  pounds. 
Rapid  deflection  at  60, 000  pounds. 

Gave  suddenly  at  54,00Q  pounds. 
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Table  I — EIomUc  properlie*  and  ttrrngth  of  Ott 


Aflcr  tb*  booplo; 


s,„. 

M«».. 

i 

i 
}_ 

CJI.O 

8.0 

O.T»8 

CJS,M.... 

G.0 

0,7M 

OJ>,I 

6.0 

0.TS8 

t.«oi3£.  a  00140. 'o.  I 


46,000 
42,000 


BAT2,a..)  ftl 
RAil.I  ..  O.C 
RAI4.0..I  3.(1 
KAi».I..|^ 


r  A  £  X 1,  M  f  a.  0 


A  £  X  2.  I    I  «.  0  I  0.  S«4 
<r  thehMiplDK.JI  ABX3,  MO.D     O.Mt 


Ucu  loM  pcrceDlagc  ororislnajqi 
Meui  (min  pcrcsDUge  of  DriRlnil  qi: 


BefoteUwhooplat!.  J     rI^Ji 


.    LbL     \    Lbt. 


9,1W  :  51,500  j  sa,7»' 


&02I      1.411      UBI 


'     48.500     4V.aS0  '  . 


43.  IM  ;  49.  KtE>  .  47, 080  !  48,  ItiS     4ft.  41 


After  the  hooping.  < 


«.» 

.0.CS4  1  V1,1>M  ;  44,000 

0.K4  1 40.000    4i.Ma 
a;B4  140.000  142,000 

46.330!  40.600  [48,000 
48,000  1  t4.S30  ;  4^3U 
41,000  !  4S.OO0  I  4«,0U 

41.000 

48.600 
47.600 

44,110  146.276     4S,«>5 

hooBfn|..' 


BBXB.  t.  ' 

I  He«Ds. 


XOTB.-TfacUnnlDftlU 


ra  sboTc  have  Ihe  follawlD);  tlinilfleU1« 
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metals  before  and  after  the  hooping  teet — Continued. 


BelatiTe  elastic  extension 
(inches)  and  corresponding 
sti^twes  per  square  inch. 


Elastic  limit. 


Ultimate  re- 
sistance. 


0.00100.  0.00165. 

I 


0.00170.  0.00175. 


9 
M 

at 

a 

y 


O  C) 

•  .9 
a** 

S 


56,000 
60.000 
47,500 


s 

9 


1 


p. 

O  U 


Remarks. 


50,835 


Lbt.        Lb$. 
56. 000     57, 000 

51, 000  I  52, 000 


49,000 


62,000 


60,000 


53,000 


Lb9. 

68,500 
51.600 


Lb9.    !    Inchea. 
57, 000  ,  0.  0017 

55, 000     0. 001825 


68,000 


62,000 
54,500 
67,500 
53,000 


56.665 


8.5 


0.00196 


Lbi. 
88,760 

87.840 

87,920 


Inches. 


0. 001825     88, 175 


7.2 


52,750 
57.000 
68,500 
54,500 


54,000 

56,600 

58,500 

60.500 

60,  000  62,  500 

56,000 

57,500  • 

62.000 
62,000 
66.000 
65,000 


64, 250  j  65, 690     57. 125  I  50. 000  '  63, 750 


40,000 
61.000 
48.666 


52,000 
53.665 


68,665 
.%5.200 


51.500  ■  53.330 


49. 555     50, 835  I  52. 390  |  54. 065 


57,000 
59,000 
61,000 


0. 002017 
0. 001783 


107.200 
107.280 


0.  001967  (109. 240 


0.1667 
0. 1317 
0.1767 


Triple  flexare;  bent  180o  with- 
out ft«otare. 
Da 

Triple  flexare. 


0.002067  '105.200  !  0.1933 


0.001958  !  107.  280 


69,000 


8. 66  t   a  72  !   8. 29 


8.36  I 


7.45 


62.350 
62,250 
63.000 
51,000 


0.001833  1100,440 
0  001833  I  90,  680 
0.002050  103,160 


0.1678 


0. 001039 


0L1667 
0.1633 
0. 1800  ; 


101, 008  :  0. 1700 


0.97 


5.72 

•  «  ■  ■ 

'"L6 

I     I 

53,500,55,000, 

53, 000  ,  54.  500  ;  56.  000  ,  58,  000  I  0  001&^3  1(  3.  280  !  0. 16 


55,  000  ;  0.  0017   lUl.  840  I  0.  1567 


64, 500  J  55. 500 
62.500  I  65,000 


62, 150  53. 376  j  55, 000 


56, 250  j  60,  000  i  0. 001033  1104,  000 
56,500  ;  61.000  I  0.001033  104.360 


58.500 


0.00185  |108.370 


0.1867 
0.1867 


0.1726 


60. 500  j  52, 000  I  63,  000  I  64, 330  I  .S.'),  000  I  0.  001783  100, 440  0. 1417 
48,000  50,000  '  51.250  ,  52.000  I  55.000  0.001850  I  98.440  0.1500 
48.500  ;  50,000  '  51.500  53,500  57,000  !  0.001900  100,080  0.  1450 


49, 000  50,  665  51.  915  53, 275  I  55. 665  I  0. 001844  j  99.  653 


6l04  I   5.06  I   5.61 
I 


4.85 


0.3 


8.6 


-\- 


44.200  I  45,860  ,  46.430 
46.000  45,940  46,880 


44^170 


44,456 


45, 420  46, 070 


0.1456 


15.6 


47,500  I  63,000  I  0.  002583 
47.820  '  63,000  I  0.002517 
47,920  !  63.000  I  0.002617 


46, 576  i  46, 660  .  47, 745  ;  63. 000  ,  0. 002572 


hi 


98.800 

07,200 

100. 160 

0.1300 
0.1700 
0.1333 

98,720 

0.li44 

4.5 

16.3 

Sul^Jected  first  to  a  sadden 
stress  of  58,000  pounds  per 
square  inoh.applled  five  times 
at  intervals  or  ten  minutes, 
each  application  takincaboat 
two  seconds  of  time.  Finally 
tested  in  the  usual  way  by 
profrresAiye  loads  applied  in- 
termittingly. 


▼is:  T,  tangentiAl;  R,  radial;  O.  outside;  M,  middle;  I,  inside. 
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Values  of  the  physical  constants. — lu  selecting  these  values  to  be  Bab- 
stituted  for  the  cuDStant^  in  tLe  formalas  applied  for  determininf;  the 
shriukages  for  the  experiment  it  is  observed  that  the  teats  of  the  differ- 
ent speuimeQB  of  the  ori^riual  tube  metal  show  great  irregularity  of 
elastic  strength,  aud  the  specimeus  both  for  that  aud  the  original 
jacket  metal  failed  notably  aftflr  reaching  a  stress  exceeding  bnt  little 
the  so-called  elastic  limit.  Then  as  the  tube  aud  jacket  would  have 
principally  to  withstand  compression  only  in  the  hooping  test,  a  greater 
value  is  attached  to  those  testej  and  finally  those  values  have  been 
selected  under  which  all  of  the  compressioD  specimens  showed  perfect, 
or  nearly  perfect,  elasticity.  With  regard  to  the  hoops  the  values  given 
below  are  based  generally  upon  the  results <of  tests  of  specimens  from 
the  whole  lot  of  hoops  made  for  the  gun,  including  the  hoops  Ax  and 
Bx,  given  above. 

The  following  are  the  values  adopted  :* 


Sobji.'cl  of  moMi 

Allowiiblo  dtapUcf ,  .. 

CorrHpondiDK  load  p«r  square 

Tonn  . .'.'.'.'.'.'.'.T.'. 

MnluUof  eUatiaitr 

Pound. 


™-r...„t. 

TDbe. 

Jkcket. 

Ho<^.    1 

trIlDWDDit.. 

.  inchu  , 

0.00135 

0.001$ 

0.0017S 

38,200 

«a,7so 

3em.ow 

1!.«M 

nsocow 

M.600 

33.000,000 

Effect  of  the  hooding  tat  upon  the  physical  qualities  of  the  metals. — Ex- 
amining the  individual  records  of  the  bars  tested  after  the  hooping,  we 
Bnd  no  reason  to  suspect  a  local  imperfection  in  the  raetal  which  might 
have  lowered  the  record,  except  possibly  for  the  tension  specimen  T  J|, 
from  the  outeide  of  the  jacket ;  for  the  rest  the  percentages  of  "  gain  " 
or  "loss"  shown  are  snfBciently  marked  to  enable  well-grounded  de- 
ductions to  be  made  in  several  particulars  regarding  the  effect  of  the 
hooping  test  upon  the  physical  qualities  of  the  metals. 

(1)  Tlie  elastic  limit  of  the  tube  metal  under  compression  was  mark- 
edly elevated  both  in  respect  to  the  stress  supported  and.the  elastic 
displacement;  the  respective  percentages  of  "  gain  "  are  19.3  and  12.6, 
and  it  will  also  be  observed  from  the  column  of  remarks  that  the  two 
specimens  failed  by  triple  flexure  instead  of  showing  a  failing  iwint,  as 
in  the  tests  of  the  original  metal.  Fig.  5,  Plate  III,  shows  the  form  of 
one  of  these  specimens  after  the  test. 

(2)  The  qualities  of  tbe  jacket  metal  under  compressioD  were  also 
improved,  for  while  this  metal  shows  a  "loss"  in  respect  to  the  load 
supported  under  relative  displacements  between  1.3  and  1.5  thousandths, 
yet  at  tbe  elastic  limit  it  shows  a  gain  of  3.5  per  cent  in  the  load  sup- 
ported and  of  7.2  per  cent,  in  elastic  displacement,  and  still  better 
proof  is  given  by  a  comparison  of  the  manner  in  which  the  specimens 
stood  the  test.  One  of  these  specimens,  which  was  bent  180°  without 
fracture,  is  represented  in  Fig.  6,  Plate  III. 

(3)  The  metal  of  both  the  hoops  fhows  a  clear  loaa  of  tensile  qual- 
ities. With  the  A  hoop  this  loss  varies  from  9.62  per  cent,  in  tbe  load 
supported  under  an  extension  of  1.45  thousandths  to  7.45  per  cent,  at 
tbe  elastic  limit,  and  with  tbe  B  hoop  there  is  similarly  a  loss  varying 
from  7.48  to  4.85  per  cent.    This  decrease  in  the  load  supported  for  a 

98  and  computatiou  of  the  shrinkages  bm 
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Ifiven  extension  carries  with  it  a  correspondiog  decrease  in  the  modulas 
of  elaBticity.* 

Respecting  the  qnalities  of  the  tnbe  and  jacket  metal  under  tension 
there  is  little  or  no  chauf^e.  We  jndge  from  the  record,  however,  that 
the  tensile  qnalities  of  the  latter  metal  are  slightly  impaired  notwith- 
standing the  donbt  resting  upon  the  specimen  T  Ji ;  aside  from  this  the 
records  of  the  specimens  are  broken  after  passing  the  extension  1.5 
thousandths,  whilst  under  the  tension  tests  of  the  original  metd.!  all  the 
specimens  passed  the  extension  1.6  thousandths. 

We  have  now  to  consider  the  results  of  the  special  tension  tests  made . 
of  the  B-hoop  metal.  It  will  be  seen  at  once  that  the  results  of  these 
tests  are  highly  reassuring.  *  The  special  elastic  limit  developed  is  the 
same  for  each  specimen  and  equal  to  63,000  pounds  per  square  inch. 
Not  only  is  the  loss  of  original  qualities  counterbalanced  by  sudden 
strains  assimilated  to  those  which  the  metal  will  undergo  in  firing  the 
gon,  but  the  load  originally  supported  at  the  elastic  limit  is  raised  7.7 
per  cent,  and  the  elastic  stretch  is  raised  39  per  cent.  The  loads  for 
given  stretches  within  the  elastic  limit  are  decreased  and  thus  also  the 
modalas  of  elasticity,  but  the  subjection  of  the  metal  to  the  sudden 
strains  has  increased  its  capacity  to  perform  work  and  has  thereby  cer- 
tainly not  diminished  its  utility  in  the  gnn  structure. 

The  further  conclusions  to  be  drawn  from  these  comparisons  are  that 
in  considering  the  properties  of  metal  tested  for  gun  construction  with 
reference  to  its  behavior  in  the  structure  we  may  expect  the  tube  to 
possess  higher  qualities  than  shown  by  the  tests,  the  jacket  to  remain 
about  neutral,  and  the  hoops  to  possess  a  decreased  elastic  strength, 
and  for  the  particular  structilre  under  consideration  the  qualities  of  the 
hoops  should  be  estimated  at  about  10  per  cent,  below  those  determined 
by  the  tests  of  detached  specimens.  The  loss  of  strength  in  the  hoops 
is  evidently  due  to  the  fact  of  their  being  forcibly  restrained  from  re- 
samiog  their  original  dimensions  whilst  cooling  from  a  heated  state.t 
This  loss  is  shown  to  be  not  excessive  and  also  (from  the  special  tests 
given)  apparently  not  dangerous  for  the  service  of  the  gun,  but  it  is 

'  In  coDfinnation  of  these  resalts  we  refer  to  the  followiDg,  which  have  not  been 
found  heretofore  reported,  owing  to  the  fact  that  they  were  not  available  when  the 
report  in  question  was  rendered.  They  refer  to  the  shrinkage  tests  of  Midvale  steel 
hoopi  No.  \H)l&  and  9020  (see  Notes  on  the  Construction  of  Ordnance  No.  25).  Tests 
▼ere  made  of  specimen  bars  cat  from  these  two  hoops  after  the  conclusion  of  the 
shrinkage  tests.  The  losses  and  gains  from  original  qualities  shown  by  a  comparison 
of  the  mean  of  these  tests  with  those  given  on  page  3  (note  25)  are  as  follows: 


Subject  of  meaanrement. 


Hoop  9018,  oil-     Hoop  9020,  an- 
tempered.  nealed. 


I 
Loss.  I  Gain,  i  Losa.   i  Oain. 


P.  et.      P.  et.      P.  cL  I  P.  ct. 
ISIaatic  limit:  ,  i 


Streaa  io  poaDds  per  Bonare  inch 9. 33  [ i      &  65 

Belatire  elaatio  extension 3.5 


Ultimate  realatance : 

Streaa  in  pounds  per  square  inch 6.12  , 

RrlatiTe  extension '    12.75 

lUtio of  elaatic  to  ultimate  resiatanoe i      a57   

Contraction  of  area  at  fracture  0.6 

Ultimate  reeiatanoe  per  square  inch  of  ft«ctured  area. . .       5. 72    


2.80 

4.88 
1.74 
4.15 
27.6 
12.8 


t  This  conclasion  is  simply  coniirmatory  of  the  results  stated  by  General  Rosset 
from  t^ts  made  by  forcibly  restraining  long  bars  of  heated  steel  whilst  cooling. 
(Not«a  on  the  Coostmction  of  Ordnance  No.  11,  page  7.) 
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evident  that  ever;  means  should  be  used  to  avoid  it.  Tbe  qnestion  in- 
volves three  importaut  factors,  viz:  (1)  the  nature  of  the  inetat;  (2)  the 
amount  of  shrinkage  employed;  and  (3)  the  heat  employed,  both  as 
regards  itu  degree  and  its  nature.  The  first  of  these  points  canuot  be 
discussed  here;  but  the  A  hoop,  originally  possessing  a  higher  elastic 
limit  than  the  B  hoop,  showed  a  relittively  greater  loss  than  the  latter, 
whilst  the  two  were  presumably  of  like  metal,  so  that  independent  of 
tbe  chemical  composition  of  the  metal  a  high  development  of  tbe  elastic 
qnalities  in  the  teinpering  may  not  be  considered  unmixed  with  evil 
The  two  remaining  points  may  be  regulated  by  avoiding  excessive 
shriokages  wherever  possible  and  by  careful,  uniform  heating  to  a  de- 
gree not  greater  than  that  required  for  the  assemblage. 

Supplementary  tests  were  also  made  for  hardness  of  the  jacket  metal, 
which  Appeared  under  tbe  cutting  tool  to  be  softer  after  it  was  heated 
and  shrunk  upon  the  tube  thau  it  was  originally.  The  form  of  the  test 
specimen  is  shown  in  Fig.  2,  Plate  HI.  Three  specimens  Jg,  Ji,  and  Jj, 
Fig.  1,  Plate  J,  taken  from  the  original  metal,  gave  the  following  de- 
grees of  hardness  :  18.88,  20.93,  and  21.20,  an  average  of  20.37 ;  whilst 
three  others,  J^,  Jg,  and  J^,  Fig.  3,  taken  from  the  cylinder,  after  the 
hooping,  gave  the  following:  22.51,  18.19,  and  19.39,  an  average  of 
20.C^ — showing  that  the  effect  of  the  sbrinkage  operations  produced 
little,  if  any,  softening  of  this  metal. 

THE  HOOPING  TEST. 

The  purpose  of  this  experimental  construction  was  to  obtain  in  gen- 
eral snch  data  as  coukt  t>e  made  available  in  the  after  construction  of 
the  gnn ;  to  determine  tbe  behavior  of  the  elementary  cylinders  in  com- 
bination under  the  theoretical  shrinkages  de<luced  by  a  rlKorous  appli- 
cation of  tbe  theories  and  formalas;  the  individual  behaviorof  the  ele- 
mentary cylinders;  and  whether  the  aforesaid  theoretical  shrinkages 
sbouUl  be  applie4l  in  the  after-construction  of  the  gun  or  to  what  ex- 
tent they  should  be  modified  for  that  construction. 

The  test  is  in  part  necessarily  supplementary  to  tbe  free  tests  of  de- 
tached specimen  bars,  for  the  latter  nerve  to  determine  the  absolute 
values  which  represent  the  physical  proiwrties  of  the  metals  and  be- 
come the  standards  of  reference.  The  hooping  test  furnishes  an  abso- 
lute knowledge  of  the  displacements  of  tbe  fibers  of  the  metal  alone, 
but  by  means  of  this  factor,  which  is  common  to  both,  we  are  enabled 
to  compare  the  results  of  the  two  kinds  of  tests.  In  the  hooping  test, 
however,  each  elementary  cylinder  may  be  considered  as  a  complete 
specimen  bar,  obedient  t.o  laws  similar  to  those  which  govern  the  be- 
havior of  detached  specimens  under  lest,  and  therefore  affording  a  more 
certain  kuowledgeoftheelasticdispliicemeuts  of  tbe  cy  Under  assach  than 
can  be  derived  from  the  free  tests.  The  results  of  the  hoo|)iiigtest  may 
theu  be  useil  to  confirm,  or  possibly  to  modify,  those  determined  by  the 
free  tests ;  that  is,  we  may  find  that  a  given  cylinder  will  stand  the 
same  (or  perhaps  a  different)  amount  of  elastic  displacement  as  shova- 
by  the  free  tests  of  its  metal. 

Tbe  variety  of  rules  and  formulas  applied  to  the  construction  of  guus 
and  the  lack,  so  far  as  known,  of  concise  data  tending  to  prove  or  dis- 
prove the  reliability  of  any  given  set  of  theories  and  formulas  has  led 
in  the  present  experiments  to  an  attempt  to  supply  such  d<ita.  Bei<ide8 
the  practical  knowledge  applicable  to  the  particular  case  in  hand  to  be 
derived  from  this  experiment  au  opjtortuuity  is  afforded  for  a  critical 
comparison  of  the  results  of  theory  and   practice  as   applied  to  the 
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changes  of  dimensions  occurring  in  each  of  the  elementary  cylinders 
eoiployed,  and  thas  obtaining,  in  so  far  as  the  state  of  rest  of  th'e  sys- 
tem is  concerned,  a  knowle<lge  of  the  reliability  of  the  formulas  em- 
ployed which  becomes  of  general  application.  The  principles  and 
formulas  enunciated  by  Major  Clavarino  of  the  Italian  army  (see  Notes 
on  the  Oonstrnction  of  Ordnance,  Nos.  6  and  7),  by  their  direct  bearing 
upon  the  data  obtainable  in  an  experiment  of  this  kind,  afford,  better 
than  any  others  in  general  use,  a  means  of  making  the  comparison  de- 
sired. This,  taken  in  connection  with  their  reliability  as  indicated  by 
previous  experiments  and  their  general  reasonableness,  has  led  to  their 
present  adoption.* 

The  effect  of  the  hooping  and  incidental  operations  upon  the  physi- 
cal qualities  of  the  metals  has  already  been  referred  to.  It  is  considered 
au  important  part  of  the  investigations.  In  other  respects  this  report 
will  include,  in  brief,  the  methods  employed,  the  results  obtained,  and 
such  incidental  matters  of  interest  as  have  b. 'en  noticed  which  may  be 
of  use  in  future  work  of  the  kind,  either  in  extending  a  knowledge  of 
the  same  or  in  helping  toward  more  complete  investigations. 

MODE  OP  CONDUCTING  THE  TEST. 

The  general  instructions  prepared  in  advance  for  the  guidance  of  the 
work  are  given  in  full  in  Appendix  A,  and  render  further  description 
of  the  kind  unnecessary.  These  instructions  were  varied  in  one  ])artic- 
nlar  only,  namely,  that  the  grooves  a  a,  Fig.  1,  Plate  IV,  required  to 
be  made  in  the  end  faces  of  the  A  for  measuring  the  interior  of  the  B 
hoop  in  place  were  cut  before  the  B  hoop  was  assembled.  This  change 
was  introduced  to  simplify  the  work.  It  reduces  the  risk  of  injury  to 
the  interior  surface  of  the  outer  cylinder  and  gives  greater  contidence 
in  the  results.  When  one  cylinder  is  shrunk  upon  another  whose  outer 
surface  it  does  not  cover — ^that  is,  if  the  ends  of  the  under  cylinder 
project —there  will  be  caused  a  slightly  bell-shaped  form  at  the  in- 
terior extremities  of  the.  outer  cylinder,  and  the  end  diameters  will  be 
stretched  more  than  those  within.  By  cutting  the  grooves  for  the  meas- 
nrements  before  placing  the  outer  cylinder  and  thus  not  subjecting  the 
ends  of  the  outer  hoop  at  all,  within  the  limits  of  the  grooves,  to  the 
abnormal  stretch  noted,  it  seems  that  a  possible  source  of  error  is  elimi- 
nated. However,  the  change  made  commends  itself  for  simplification 
of  method  alone. 

The  results  obtained  from  cutting  the  tube  and  jacket  cylinders  in  two 
before  separating  them  in  dismantling  the  section  were,  to  some  extent, 
not  satisfactory,  as  will  be  shown,  and  suggest  the  propriet}"  in  future 
experimental  work  of  this  kind  of  removingthe  jacket  by  cutting  through 
longitudinally  on  one  side,  as  was  done  with  the  hoops  in  thepresent  case. 

*  It  may  be  remarked  here  that  whilst  these  formulas  are  heroiDafter  shown  to  be 
folly  reliable  for  all  practical  purposes  in  indicating  the  radial  changes  of  dimensions 
which  occur  in  the  elementary  cylinders  of  a  compound  cylinder  assembled  under 
shrinkage,  they  are  not  -so  as  regards  changes  of  length.     But  if  we  omit  the  factor 

which  (page  6^  Note  6)  Clavarino  introduces  into  his  fundamental  formulas  to  em- 
body the  longitudinal  stress  supposed  to  exist  in  all  states  of  the  system,  and  carry 
this  modification  to  all  the  formulas  of  application,  we  will  obtain  theoretical  results 
which  will  compare  more  closely  with  the  practical  results  of  the  present  experiments. 
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THE  PKE30RIBED  aHBINKA&EB. 

The  theoretical  values  of  the  ahriukaj^es  prescribed  as  the  meau  vj 
to  be  applied  iu  the  boopiog  were  as  follows :  * 


Fliflt  (hrlnkMe 0.4Msa  .  O.OOffi 

8ecoD(l  ahrinfmes I.91B      I  0.0303 

Third  ihrink^Bo 1.S7M    '  U.OMl 

The  method  by  which  these  ralaeswere  deduced  is  given  in  full  in 
Notes  on  the  Construction  of  Ordnance,  No.  31,  Part  II,  which  cousli- 
tutes  a  preliminary  stndy  of  the  constructioij  of  this  gun  confined  to 
the  section  over  the  powder  chamber,  and  based  upon  the  qualities  of 
the  metal  of  the  cylinders  used  in  the  present  experiuient.  In  deducing 
tbe  shrinkage  values  the  fundamental  principles  employeil  weretliosf 
of  Clavarino,  but  certain  restrictions  will  be  found  to  have  been  applied 
iu  tbe  use  of  bis  formulas  whereby  the  results  were  made  to  satisfy  the 
strict  requirements  of  the  theories,  and  to  this  it  is  believed  we  must, 
in  a  certain  rae^sare,  attribute  tbe  satisfactory  comparison  adduced  be- 
tween the  results  of  theory  aud  practice. 


The  cylinders  were  bored,  tnrned,  aud  faced  to  the  prescribed  dimen- 
sions while  attached  by  "  dogs"  to  the  face  plate  of  an  ordinary  latlie, 
using  a  single  cutting  tool  and  bar.  They  were  first  rongb-finished  ooall 
sides,  then  faced  at  one  eud  and  successively  bored  and  turned  to  to- 
ished  size  before  facing  the  opposite  end.  The  finished  surfaces  wi^te 
not  ground  or  pobshed,  but  were  made  as  smooth  as  possible  with  tlie 
cutting  tool,  and  in  some  parts,  where  a  very  slight  amount  of  metal 
was  to  be  removed,  were  finished  by  using  a  file  iu  place  of  the  tool. 
The  results  of  the  measurements  made  of  the  finished  work  itre  given  in 
the  following  table : 

*See  Appendix  A. 
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It  may  be  observed  tbat  the  alloved  variations  were  exceeded  in 
two  cases  onl.v,  viz,  the  exterior  (meaD  dimeusion)  of  tbe  jacket  cylin- 
der was  turoed  0.0007  of  an  inch  too  great,  and  tiie  A  Loop  was  bored 
0.0005  of  au  inch  too  small.  Tbe  results  warrant  some  modification  of 
tUe  allowed  variations  prescribed  by  tbe  iDstructioDS,  appendix  A,  and 
permit  the  establishment  of  tbe  following  for  similar  gnn-couatructioD 
work,  viz : 

Meat)  eccentricity 0,002 

Couicttloesa 0.00* 

parallelism  of  ends O.OOK 

1  a teri or  diameter  (mean  dimeniioo) J-O.OOli 

Exterior  diameter  (mean  dimension  for  shrinkage) itO.OOl 

Leugtb  (menD  dimeusiou) -J-0.005 

Appendix  B  contains  the  separate  measurements  of  dimensiODS  made 
at  this  time  and  in  all  tbe  subsequent  stages  of  tbe  experimeot.  A.11 
measurements  were  referred  to  a  36-ineb  vernier  beam  caliper  reading 
to  0.001  of  an  inch,  manufacturiHl  by  Darliuir,  Browu  &  Sharpe.  Before 
the  completion  of  the  work,  a  set  of  micrometer  rods,  which  can  readily 
be  read  to  0.0005  of  an  inch,  were  received  from  the  Frankford  Arsenal. 
They  were  found  to  be  reliable  and  labor-saving.  When  in  use  they 
were  set  by  the  standard  vernier  beam  scale  and  referred  to  it  from  time 
to  time  for  verification  of  the  measurements  taken. 
THE  SHBINKAGE  OFBRATIONS. 

It  was  desired  to  beat  the  cylinders  for  the  shrinkage  in  a  hot  air 
chamber,  where  they  would  be  wholly  i)rotecte(l  from  contact  with  flame 
and  surrounded  by  a  uniform  medium,  having  a  temperature  of  from  500° 
to  600°  Fahrenheit,  in  which  each  cylinder  should  remain  submerged 
iiDtit  it  bad  attained  nearly  or  quite  the  temperature  of  its  surroiindiugs. 
A  hydro  pyrometer"  was  provided  to  measure'the  temperature  of  the 
chamber  from  timeto  time  so  tbat  the  degree  of  heat  might  be  controlled 
and  the  expansion  of  the  cylinders  due  to  a  given  heat  determined. 

The  nearest  approach,  however,  to  such  au  air-chamber  that  could  be 
devised  with  the  means  at  baud  consisted  in  the  use  of  a  reverberatory 
heating-furnace,  which  was  tirst  raised  to  a  proper  degree  of  heat  before 
the  cylinder  was  put  in,  then  closed  as  completely  as  possible  and  a  lov 
Are  maintained.  For  handling,  an  iron  carnage  was  arranged  to  run  in 
and  out  of  the  furnace  npou  a  couple  of  iron  rails  laid  on  the  bottom  of 
the  latter  and  projecting  from  tbe  door.  The  cylinders  were  placed  on 
this  and  stood  in  the  middle  of  the  furnace  for  heating.  The  carriage 
could  be  readily  run  in  and  out,  and  the  expansion  of  tbe  cylinder  was 
nieasured  from  time  to.time.  When  finally  taken  from  the  furnace,  two 
inferior  diameters  at  right  angles  were  carefully  measured,  and  also  the 
length.  The  bore  of  tbe  tube  was  kept  filled  with  cold  running  water 
from  thetimeof  placing  a  heated  cylinder  until  tbe  whole  section  became 
coiuparatively  cool.  No  water  was  applied  to  the  heated  cylinder  nntil 
it  had  closed  on  the  under  cylinder;  it  was  then  lightly  and  evenly 
sprinkled  (with  a  watering-pot)  until  its  temperature  became  sensibly 
equal  to  that  of  tbe  under  cylinder.  Water  was  then  copiously  applied 
ffith  a  hose  over  all  until  the  whole  was  cool. 

A  record  of  the  shrinkage  operations  is  given  in  the  following  tabu- 
lated statements: 

*A  description  of  tliis  pyrometer,  written  by  Lieut.  C.  S.  Smith,  United  StBt«s  Onl- 
naDce  Department,  will  be  frouiicl  in  the  Report  of  the  Chief  of  Ordnance,  Uaited 
BtateB  Atmj,  for  1876,  paries  'SIA-S.  It  couaists  esaeDtiallfof  acopper  veBBel.contBin- 
iDgjwbeniDiise.eScuhicincheaof  water,  nn  imioeraed  thermometer,  and  A  copper  piece 
of&.Ol'JouuoeB' weight,  which,  aft«r  being  heated,  is  Babmerged  in  the  wftler,  and  the 
rise  of  temperature  of  the  latter  noted. 
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Tablk  III. — Shrinkage  operationg. 
I  (a)  Reoord  of  hydro-pyroiueter  aaed  in  ileiermioing  temperature  of  foxnaoe.J 


In  beftting^ 


Jaekei  oyltnder. 

Alioop 

BkMp 


®  . 

o 


I 


Temperatare  of  i  ®  ® 

water.  ^      ' 


a 

o 


-3 

a 


« 


!    24 


20 
15 
25 
18 
18 


o 
65.8 
64.3 
62.1 
62  3 
62.3 


o 

73  5 
73.0 
71.5 

74  0 
68.0 


!   ^ 


8.2 
8.5 
9.4 
11.7 
5.7 


s 

'a 
> 


o 

70.0 
70.0 
70.0 
7U.0 
70.0 


H       1 


4) 

s 

s  • 

11 

a 


o 

640 
660 
720 
880 
450 


Pounds. 


500 
500 


700 


Kemarka. 


Before  Jacket  waa  put  in. 
After  jacket  was  taken  out. 
Before  hoop  waft  put  in. 
KlAMt  on,  before  hoop  was  pat  la. 
Very  light  blaat,  wbilat  hoop  wa 
in  furnace. 


[(2>)  Becord  of  meaaurementa  of  heated  cylinders.] 
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Tablr  Ul.— Shrinkage  operationM—ContiaaeA. 
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The  cylindera  were  uniformly  expanded  by  tUe  beating,  see  table (6); 
Id  two  cases  tbe  fie|>arate  interior  diameters  measured  are  equal,  and  in 
tbe  third  the  difiereuee  is  O.UOJ  of  nn  inch.  The  reupectivu  linear  ex- 
pansioDS,  2.86,  2.8^,  und  2.7  thouKnudthB  per  linear  unit,  are  also  uoi- 
form.  And  the  whole,  taken  in  conneetion  with  the  observed  temper*- 
tares  of  tho  furnace,  shows  that  the  cylinders  were  not  subjected  to  ao 
excessive  beat. 

Considering  the  inconveniences  of  the  arrnngements  nsed  as  com- 
pared with  what  might  be  perfected  in  applying  the  principle  of  the  hot- 
air  chamber  these  results  furnitth  conclusive  evidence  of  the  ntility  of 
that  method  of  heating.  The  same  certaiitty  in  the  operations  cannot 
be  maintained  in  any  mode  of  heating  where  the  dame  comes  in  cont'tct 
with  the  metal.  We  may  obtain  satisfactory  results  in  practice  by  heat- 
ing with  flameand  removing  the  cylinder  as  soon  as  the  reqnisite  expan- 
sion ia  obtained,  but  in  the  short  space  of  time  occupied  in  heating  t 
gun  hoop — for  an  average  hoop  not  exceeding  one-half  honr — the  metal 
cannot  iu  this  way  be  heated  uniformly  to  the  low  temperature  required. 

The  observed  temperatures  are  thone  of  the  furunce  only;  the  cylia- 
ders  were  taken  out  as  soon  as  the  requisite  expansion  was  reuclied.*  In 
the  case  of  the  B  hoop,  however,  the  observed  temperature  of  450°  F., 
taken  just  before  the  boop  was  removed  from  tbe  furnace,  gives  very 
Dearly  tbe  maximum  temiieruture  of  the  metal,  for  tbe  hooj)  was  not 
appreciably  expanded  during  the  last  five  niinuies  in  the  furnace.  The 
temperature  of  the  outside  air  at  the  time  was  'A&°  F.,  so  that  the  rise 
of  temperature  in  the  metal  was  about  412°F.  Its  linear  expansion  by 
the  measured  diameters  was  '^.7  thousandths,  so  that  there  was  an  ex- 
pansion of  t)A\QGo5^i  thousandths  per  linear  unit  for  each  degn-e  of 
beat,  or  of  1.^9  thousandths  for  211!°  F.  This  corresponds  closely  ^ith 
accepted  rules.  Passing  by  an  inverse  method  to  determine  tbe  actual 
temperature  of  the  metal  of  tbe  two  remaining  cylinders  from  their  ob- 
served linear  es])ansion8,  we  Hud: 

For  the  jacket: 


2.8R 


+430  (temperature  of  outside  air)=480o  F. 
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^r  the  A  hoop : 
2.82 


.0065534 


+45^  (temperature  of  oatside  air)=  475^  F. 


Thcae  com^ited  results  are  recorded  in  the  table. 

From  this  it  may  be  condaded  that  a  temperature  of  500^  F.  is  suffi- 
cient for  ordiuary  shrinkages,  and  certainly  no  benefit  will  be  derived 
from  subjecting  the  metal  to  any  considerably  greater  degree  of  heat. 

The  recorded  length  expansions  of  the  cylinders  have  not  the  same 
value  as  those  measured  diametrically.  A  single  measurement  was 
made  for  each  cylinder,  using  shop  calipers,  the  reading  being  after- 
wards taken  from  the  vernier  scale,  but  the  results  are  of  practical 
value.  It  will  be  observed  {b)  that  the  length  expansion  at  full  heat 
▼as  quite  equal  to,  if  not  greater  than,  the  circumferential  extension  for 
linear  unit,  and  that  in  the  case  of  the  two  hoops,  where  length  meas- 
nrements  were  taken  at  al>out  the  time  when  the  heated  cylinder  closed 
on  the  one  beneath,  this  relative  length  extension  remained  greater 
than  the  circumferential;  since  the  latter,  represented  by  the  shrinkage 
values  for  the  two  hoops,  was  1.455  and  1.3012  thousandths,  respectively, 
against  the  2.0  and  l.G  thousandths  for  the  length  extension.  When 
the  first  of  these  hoops,  after  being  shrunk  upon  the  section,  became 
entirely  cold,  its  contraction  in  length  (see  Table  VI)  was  about  0.1 
thousandth,  and  that  of  the  second  or  outer  hoop  about  0.2  thousandths 
per  linear  unit.  There  was  then  a  decided  contraction  of  tlie  length, 
i\Zj  2.1  thousandths  per  linear  unit  for  the  A  hoop  and  1.8  thousandths 
for  the  B'hoop  between  the  period  of  clamping  the  under  cylinder  and 
the  final  state  of  rest.  This  shows  the  necessity  for  a  powerful  end 
pressure  upon  a  hoop  whilst  cooling,  as  is  believed  to  be  already  the 
general  practice  in  onler  to  secure  close  joints.  It  is  probable  that  even 
this  end  pressure,  unless  it  were  powerful  enough  to  overcome  the  fric- 
tion due  to  the  shrinkage,  would  not  secure  close  joints  without  the  ad- 
ditional precaution  of  **  nipping'^  the  contact  end  of  the  hoop  by  an  ap- 
plication of  cold  water. 

The  jacket  cylinder  was  assembled  with  a  ^^play"  of  0.034  of  an  inch 
over  the  exterior  of  the  tube.  It  cooled  and  contracted  very  slowly, 
and  there  was  an  interval  of  forty-four  minutes  before  it  closed  on  the 
tube.  Thirty  minutes  after  being  placed  it  was  still  loose  enough  to  be 
moved.  This  length  of  tirpe  should  be  amply  sufficient  to  enable  the 
assemblage  of  the  gun  tube  and  jacket  proper  by  the  screw  connection 
•ontemplated. 

It  appears  from  these  experiments  that  a  clearance  of  0.03  of  an  inch 
on  the  diameter  is  sufficient  to  allow  in  estimating  the  requisite  expau- 
ftion  for  assembling  the  parts  of  a  gun.  With  this  clearance  the  A 
hoop  was  eleven  minutes  in  contracting  to  the  size  of  the  under  cylin- 
der, and  with  a  slightly  greater  clearance  the  B  hoop  was  sixteen  min- 
utes ill  contracting.  This  modifies  but  slightly  the  rule  given  in  the 
intstrnctions  (Appendix  A),  which  limits  the  expansion  to  between  2.5 
and  3.5  thouhandths  of  the  interior  diameter. 

The  assembled  gun-section  is  represented  in  Plate  IV.  The  scored 
and  numbered  diameters  were  used  for  deternnning  the  planes  iu  which 
all  the  measurements  were  taken.  The  intt^rior  measurements  of  the 
cylinder  in  place  were  made  iu  the  grooves  or  incisions  represented  as 
cut  in  the  end  face«  of  the  under  cylinders.  These  measurements  were 
made  duriug  the  assemblage  and  dismantling  of  the  gun-section  in  the 
Ckrder  given  in  Appendix  B. 
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DISMANTLING  THE  GTJN-SECTION. 

F?.  The  B  and  A  hoops  were  removed  consecutively  by  cutting  through 
longitudipally  from  the  exterior  on  one  side,  and  then  wedging  the  sides 
of  the  cut  apart  sufficiently  to  allow  the  hoop  to  slide  fre&rom  the  sec- 
tion. The  tube  and  jacket  pieces  before  being  separated  were  cut  into 
two  equal  lengths;  from  one  of  these  halves  the  jacket  piece  was  re- 
moved in  the  same  way  as  the  hoops,  and  from  the  other  the  tube  piece 
was  removed  by  cutting  through  longitudinally  on  opposite  ends  of  a 
diameter.  This  left  one  half  each  of  the  tube  and  jacket  cylinders  com- 
plete for  a  determination  of  the  permanent  set  of  these  cylinders  when 
finally  free. 

y  The  following  is  a  record  of  certain  measurements  made  during  the 
dismantling.  The  theoretical  normal  pressure  given  is  the  computed 
pressures  (see  Appendix  C)  existing  at  the  interior  surface  of  the  cylin- 
der upon  the  commencement  of  the  cut  taken  for  its  removal.  In  the 
case  of  the  tube  the  pressure  was  acting  upon  the  exterior  surface. 

Table  IV.— i?ecord  of  the  removal  of  cj/linders. 
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Table  IV. — Record  of  the  removal  of  eylinders — Con  tinned. 
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By  this  method  of  removal  it  was  expected  to  derive  information  re- 
garding the  stretch  of  the  fibers  in  the  ^'remaining  thickness  of  metal," 
and  al80  the  bnrstin|]^  tension  of  this  metal,  which  might  afford  asefal 
information  by  comparison  with  the  results  of  the  free  tests  of  the  metal, 
bot  the  B  hoop  was  the  only  one  of  the  four  cylinders  which  broke 
naturally  during  the  cutting;  the  A  hoop  and  jacket  had  both  to  be 
Anally  broken  by  wedging.  During  the  cutting,  when  the  metal  com- 
menced to  give  perceptibly,  the  sides  of  the  cut  assumed  a  peculiar 
eoncave  shape,  and  in  the  case  of  the  two  hoops,  where  the  interior 
pressure  was  considerable,  the  metal  under  the  cut  bulged  upwards 
when  there  was  yet  from  0.25  to  0.5  of  an  inch  of  thickness  remaining. 
These  peculiarities  render  the  data  of  no  avail  for  the  purpose  contem- 
plated. But  the  data  pertaining  to  increase  in  width  of  cutis  of  value 
in  showing  the  |)oint  of  <<  first  observed  stretch,"  and  that  at  which  the 
remaining  metal  began  to  give  way  when  it  may  be  said  to  have  passed 
its  limit  of  cohesion.  The  hoops  were  cut  nearly  half  through  before 
any  stretch  was  apparent,  and  the  jacket  having  to  support  an  interior 
pressure  of  only  about  1.5  tons  per  square  inch  was  cut  three- fourths 
through  before  the  stretch  became  apparent.  In  the  case  of  the  tube 
tobjected  to  a  computed  exterior  pressure  of  1.5  tons  per  square  inch, 
the  first  appreciable  compression  took  place  with  0.76  of  an  inch  of 
metal  left,  and  the  final  compression,  0.03  of  an  inch,  when  one  side  was 
ent  through  as  nearly  as  possible,  shows  that  the  cylinder  was  then  suffi- 
ciently compressed  to  be  entirely  relieved  from  the  contractile  effort  of 
the  jacket. 

The  area  of  fractured  metal,  0.45  square  inch,  in  the  case  of  the  B 
hoop  would  indicate  in  itself  a  bursting  tension  of  over  40,000  pounds, 
but  the  fracture  was  assisted  by  the  abra^sion  of  the  tool  and  especially 
by  the  upward  bulging  of  the  thin  stratum  of  metal. 

Pigs.  2,  3,  and  4,  Plate  IV,  are  sketches  relating  to  the  form  of  cut, 
and  in  Fig.  4  is  represented  the  bulge  which  took  place  in  the  metal  under 
the  cut.  From  the  actual  form  assumed  by  the  sides  of  the  cut  it  will 
be  seen  that  the  widening  could  not  be  wholly  attributed  to  the  stretch 
of  the  uncut  metal,  but  as  the  hoop  stretched  there  was  a  circumferen- 
tial sliding  of  the  fibers  about  the  middle  of  the  wall  over  those  beneath. 
The  curved  shape  of  the  sides  of  cut  can  be  explained  by  the  distribu- 
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tioD  of  the  tenBion  in  the  wall  of  a  cylinder  sabjected  to  an  interior 
pressure,  this  tension  being  greater  at  the  middle  and  towards  the  inte- 
rior of  the  wrU  than  at  the  cxtenor. 

PINAI.  DIMENSIONS   OF  THE  OYLINDEBS  WHEN  DISMANTLED. 

The  fact  that  the  two  hoops,  althoagb  cut  open  on  one  aide,  resamed 
an  essentially  circular  form  vlien  free  led  to  a  careful  measuremeDt  of 
their  interior  diameters  and  lougthsund  to  the  adoption  of  the  data  tbiu 
obtained  for  showing  their  fliiul  dimenaions  the  same  aa  though  thew 
cylinders  bad  been  preserved  entire. 

A  sominary  of  these  measurements,  in  connection  with  those  made  of 
the  comjilete  half  cylinders  of  jacket  and  tube,  is  given  iu  tlie  following 
table,  with  the  corresponding  measurements  of  the  cylinders  in  their 
original  state,  for  comparison : 
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fiecollectine  tiokt  the  two  hoopt**  beiid^s  beiii«rcnt  open  v^hilst 
■traiiu  were  aL^o  forced  open  by  w€ti«nn^*  their  iiu^I  eecentriciCT, 
calneaa.  and  pennanenc  sec  appears  rem^irkabl y  saialL  The  oqIt  Jifler- 
CBCfjs  from  orijdnal  dimeiuMoiis  worthy  of  note  are  the  eecen'rieitj  of 
the  A  hoop.  d«>w,  however,  a  total  of  only  ^>J'*r2-k  oi  an  ineu,  and  the 
permanent  set  of  mean  interf«»r  of  B  hoop.  Thi»  f^ermanent  2«ec  is  shawm 
bj  the  reconied  measurement.^  to  be  onirorm  ft^r  the  whole  hoop,  from 
whiefc  we  infer  that  it  wa^  dae  to  the  natnral  vtperation  of  the  hooping 
teat  and  not  indaencfHl  bv  the  weiizinz.  wbieh  wonld  have  aboormallT 
increased  the  diameter  pen^^^QdieaUr  d?  the  eat.  T^iken  in  eonnt^troo 
with  the  results  of  previocL*  h«)«^prnz  t^>r.«  Note**  on  the  C«>Q:*tru«rnon  of 
Ordnance*  ^o.  25  ,  thw  lea^L*  to  the  ci>nclii.^ion  r^ac  there  w:ll  alxays  be 
a  slight  permanent  set  in  the  oarer  h«>«»p  when  h^Ai  b«  a^seti  for  the 
ahrtnkage.  This  al^o  p«^inrs  to  tiie  taet.-*  «i:s4riose<i  by  the  tests  of  de- 
tached specimens  ma«ie  ^nbtsei)n«^nt  to  clie  h«>>p:n:;  te^M'.  viz«  th:it  the 
danfff  and  airimate  resL^tanee  of  tiie  inec<kl  to  tensioii  is  Lo wereil  by  the 
Arinkase  operations. 

It  w.U  be  seen,  however,  that  the  A  h»>»p  and  j;i4:ket.  j;rh«>a;ih  :!itretciie«I 
bj  ahrinkaire  whiUt  h«>t.  as  was  the  B  h«>»o.  hare  n«>w  no  permanent 
extension,  showin^r  that  the  «!i>mpre*>iim  co  wimrh  th«*y  were  sabt^e- 
^aently  saHjecteii  correcti^  whatever  permanent  set  may  have  been  in- 
daced  when  they  were  lirst  astiemi>leiL  KetVrrinz  az'.un  to  the  te^ta 
made  after  the  h('<»piD?  tes^t  we  !in«l  ei>nSnnarii>n  «>f  the  o(»inioa  that 
whilst  the  orzinal  '^hnnkdire  of  a«'y!:nil^r  np«>n  the  nat*ide  of  a  systevi 
may  injure  the  tensile  q^aiides  «>f  the  metaL  this  wilL  nor  prevent  a  sob- 
aeqaent  elevation  of  its  property  u>  reside  an  opp«>si:e  stniin  whea  the 
hoop  is  san«%eqaen:lv  envelopetl  by  »»faer*  shrunk  np«)n  it.  and  in 
that  a  certain  elevation  of  i:s  q  i:iliries  to  resist  e«>oipre9Bkia  is 
bfwa^ht  al:N>at  antler  tiie  eirenoistaiHtes. 

The  half  len^h^^of  tiibe  and  ;;ftoke€  sh<^w  a  at.irkeii  and  nnirbrm  eooi- 
calnesf^  orcooTaetion  tow-ar>i>  the<*nr  taken  m  fi;viiiin;r  these  eyiinden 
whilst  they  were  ^vAi  .*hrnnk  tosretht^r.  The  two  halves  which  were 
prcflerreil  entire  f«>r  final  measarenit^ot  are  >iiown  in  p«)«irioa.  Fi^  9L 
Plate  IV.  The  ni*«e  on  rhe  diameter  t  away  fn>'n  the  cro«s-ent  ha^aa 
•otwarfi  .'*er  amoanrin?  coojiini:  of  ;iq  v.wh,  wi::I>r  »>o  h  .  near  rhe  place 
ef  the  cut.  the  permaneut  ctmrruci' ^n  w;is  •m>i»:>  of  au  iaoh.  The  final 
»nremenrs  for  the  ju:kcc  *ii«^w  the  same  form,  at  tbe  outer  end  a 

inent  exten'*i«»n  *^]aal  to  o.ool  of  an  moh,  aa«i  near  the  cat  a 
lent  «^>Q*raeti«»ri  ei|^al  ro  0.»i»l:!  of  an  inrh.  Inasmuch  as  this 
not  present  betV.re  riie  cross  «!nt  wxs  made  it  mnst  be  dae  to  that 
operation.  It  mav  in  part  nave  'r«een  ♦'an.-eii  bv  'he  inw^anl  pressure  of 
the  currinz-to«:>L*  ''at  :s  nn>re  pn* .m'-^v  dae  to  tae  release  of  the  metal 
near  the  cut  fn>m  :iie  ^rare  of  tension  exi-^Tiaz  ^t  the  rime.  Whilst 
ahmr.k  n»'jecher  th*-  mox*-r.*ary  oi»nrra«'ti«»n  :n  length  of  tiie  jacket  was 
•.fxT^l  rL«iii-»an«i*:Ls  r»^r  I:^ea^  nni".  aL«i  rlie  tn^x?  was  exteiidetl  »X127 
thoasan«i'ii'*  \t^r  I:  i«-;ir  i:::;'.  '*<»  tii.ic  tii**re  t-xisr^-il  i  I«>az:nid:nal  as  well 
an  a  cirrnnifer**!.'!.!.  *r.r^  .*t-ren^iMn.  o-ii*-r  rii  jn  rbe  ifrerest  attaehed 
to  thw  pef*Ti^ar  ^ifjd  'm.  i.^-xaar  i^-exr*!  »!a.>V  i»^liav.«vr.  tLi«*  division  of  the 
cylinders  wiiil^t  *'[\l  t^iii'ir  etl  is  t»»  t»e  rw^^crrML  -*  M»re  it  run>ws  ii»>a'>t 
apon  the  li.nai  ^rjt'e  ••'  t^^rii  as  artWrr^i  r^y  namrai  eaases  ilne  to  the 
hooping  test  ator:*-.  H«»w»^ver.  "tie  —irVr^^no'  is  r'.»:r  chat  if  eiriiertMf 
had  been  preser\rf4  »*rj*Tre  n  'en^r'.i  rli»*re  ▼••ji:»1  have  l»een  shown 
▼ery  slight,  if  an\.  f»ertnari*Tit  'te-.     If  tUe  who  e  lenzth  of  jacket 

•Tl^  cut  w%i»  mA***'  "f  'n  a  ".ihu  i-w^nr  •»  n  jf>  if  ^i  .".♦•b  ^tiI*?.  drnc  fn»ni  th« 
■■til  abant  I  .n«'tt  rn   "iin**"**  •»€  nit^r^   »j»  vt\  thea  rn»in  "he  .Ti-riir  oat 
i<hs  cut  iiiafi«*  trom  rhi*  Miir*jfit». 
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been  removed  from  the  tobe  by  a  longitudinal  cnt,  as  in  the  case  of  the 
hoops,  fairly  accurate  data  would  liave  been  obtained  in  r,eganl  to  the 
effect  of  the  hooping  test  upon  it,  whilst  tbe  tube,  which  on  the  whole 
may  be  considered  the  most  important  of  the  four  cylinders,  would  have 
been  left  in  perfect  condition  for  deterrainiug  the  effect  of  the  hooping 
test 

SUMMARY  OF  THE   RESULTS. 

The  table  which  follows  embodies,  in  the  first  part,  the  mean  dimen< 
sions  of  the  separate  c.vlinders  for  all  changes  of  state  (except  the  heated 
state)  incident  to  the  hooping  test,  and  in  the  second  part,  the  linear 
and  proportional  differences  corresponding  to  those  mean  dimensions 
exi>res8ed  in  relative  and  absolute  values.  The  separate  single  meas- 
nrements  from  which  these  means  are  derived  are  given  in  full  in  Ap- 
pendix B. 
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BecollectiDfr  tbat  the  two  hoopa,  besides  beiutr  cut  open  vrbilst  ander 
BtraiD,  were  also  forced  open  by  wedding,  tbeir  Qual  eccentritity,  mai- 
calness,  and  pertnaneDt  set  appears  lemiirkably  small.  The  only  Uiffer- 
encLS  from  original  (timcn^ious  wortby  of  note  are  the  eeceniricity  of 
the  A  hoop,  now,  however,  a  total  of  only  0.(1024  of  an  inch,  and  the 
permanent  set  of  mean  interinr  of  B  hoop.  This  permanent  set  is  shown 
by  tbe  recorded  measuremeuts  to  be  unifortD  fur  the  whole  hoop,  from 
which  we  infer  that  it  was  due  to  llie  natural  operation  of  tbe  hooping 
test  and  not  influenced  by  tbe  wedging,  which  wonid  have  abnormally 
increased  the  diameter  perjtendicular  io  the  cut.  Taken  in  connection 
with  the  resnlta  of  pi-evious  hooping  tests  (Notes  on  tbe  Constrnetion  of 
Ordnance,  No.  25),  this  leads  to  thecouclusioiillmt  there  will  always  be 
A  slight  permanent  set  in  the  outer  hoop  when  beat  is  used  for  tbe 
I  shrinkage.    Tbis  also  points  to  tlio  facts  disclosed  by  the  tests  of  de- 

I  tached  specimeus  made  subsequent  to  tbe  honj3iiig  test,  viz,  that  the 

I  elastic  and  ultimate  resistance  of  tbo  metal  to  tension  is  lowered  by  the 

Bbriuka|;e  operations. 
It  will  be  seen,  however,  tbat  tbe  A  hoop  and  jacket,  al  though  stretche*! 
I  by  shrinkage  whilst  bot,  as  was  the  B  hoop,  have  now  no  permanent 

extension,  showing  that  the  compression  to  which  they  were  subse- 
quently subjected  corrected  whatever  permanent  set  may  have  been  in- 
duced when  they  were  first  asseinbled.  Referring  again  to  the  tests 
made  after  the  hooping  test  we  finil  confirmation  of  tbe  opinion  tbat 
whilst  the  original  shrinkage  of  a  cylinder  upon  the  outside  of  a  system 
may  injure  the  tensile  qualities  of  tbe  metal,  this  will  not  prevent  a  sub- 
sequent elevation  of  its  property  to  lesht  an  opposite  strain  when  the 
same  boop  is  subsequently  enveloped  by  others  shrunk  upon  it,  and  in 
Tact  that  a  certain  elevation  of  its  qualities  to  resist  compression  is 
brought  about  diider  the  circumstances. 

The  half  lengths  of  tube  and  jacket  show  a  marked  and  uniform  coni- 
calness  or  contraction  toward.s  the  cut  taken  in  dividing  these  cyliuden 
whilst  they  were  still  shrunk  together.  The  two  halves  whicb  were 
preserved  entire  for  final  measurement  are  shown  in  position,  Fig.  0, 
Plate  IV.  The  tube  on  the  diameter  (n)  away  from  the  cross-cut  has  an 
outward  set  amounting  to  0.0007  of  an  inch,  whilst  on  [b],  near  tbe  place 
of  the  cut,  the  permanent  contraction  was  0.003  of  an  inch.  Tbe  final 
measurements  for  the  jacket  show  the  same  form,  at  tbe  outer  end  a 
permanent  extension  equal  to  0.001  of  an  inch,  and  near  the  cut  a  per- 
manent contraction  equal  to  O.00i:i  of  an  inch.  Inasmuch  as  this  form 
was  not  present  before  tbe  cross  cut  was  made  it  must  be  due  to  tbat 
operation.  It  may  in  part  have  been  caused  by  the  inward  pressure  of 
the  cutting-tool,*  liut  is  more  probably  due  to  the  release  of  the  metal 
near  the  cut  from  the  state  of  tension  existing  at  the  time.  Whilst 
shruuk  together  the  momentary  contraction  in  length  of  tbe  jacket  was 
0.053  thousandths  per  linear  unit,  and  the  tube  was  extended  0.127 
thonsamiths  per  linear  unit,  so  that  there  existed  a  longitudinal  as  well 
as  a  circumferential  state  o^tension.  Other  thnn  the  interest  attached 
to  this  peculiar  and  somewhat  inexplicable  behavior,  the  division  of  the 
cylinders  whilst  Ntill  combined  is  to  be  regretted,  since  it  throws  doubt 
apon  the  final  state  of  both  as  aA'ected  by  natural  causes  due  to  tbe 
hooping  test  alone.  However,  the  iut'erenccisfuirthatif  either  of  them 
had  been  preserved  entire  (in  length)  there  would  have  been  shown  a 
very  slight,  if  any,  permanent  set.     If  the  whole  length  of  jacket  had 
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preescireactJncoDlynponitsititenorcjlindrJcalKiirfncewJllbecoiitrHctod 
in  letigtH.  Tbis  prorca  tbe  import  of  tbe  tvo  riilea  to  tbe  same  effect 
given  by  Virgile(page  15,  Notes  od  Ibe  ConPtruction  of  Onliiaiice,No,9). 

Id  making  Hcomparifionof  tberdativecb<nigesiii  the  direction  of  th« 
radii  aud  of  tbe  leii^ilhs,  we  Lave,  for  the  case  of  an  interior  |ire^ure, 
tbe  datarelating  tolbecoirprttiMoiiof  llioborenf  lubeiii  tbrec different 
Etageet;  and  for  tbe  case  of  an  interior  pressure  tbat  relating  to  each  of 
tbe  three  outer  cylinders  when  first  aBsembled. 

Tbe  separate  cases  are  summarized  in  tbefollowiog — 

TaBLI  TII. — CmnpariH 


[a.  Pr«Min«eii  ailcriiicarllBdiiwl  larAwailiniB.) 


pli.d." 

A  bnnp  tf- 

■".a.- 

-i- 

Thoawndtbi 

1.U8 

QAna 
o'.isia 

twts 

(Prumrc  «>  lotarior  cjllodTlwl  anrbic*  tlona.] 


Tiiier>n<lnIeiteDi>laiiDr«teri<irofj*Dk*t 

0,0013 
O.O0M 

O.HM 

O.WI 

0.1MS 

■BrftntomtaiDTCvroliof  Iba  Irnittb  nidr  on  thr  clrcnniraraaoe  ef  •  drole  0.1S  of  ui  iwih  fruai  fa- 
Inlor  (orcKtiioT).    Sieiccoid  o(  mtatnttBifiita,  AppLiKlli  V. 

The  tbeoretical  rale  tbat  the  length  extensiion  of  tbe  tulie  ODder  iti 
Mteriorpresenre  should  equal  one  tliird  of  the  tangential  compression  of 
the  bore  is  practiciilly  fultllled,  only  tbat  under  the  application  of  tbe 
A  and  B  boops  tbe  actual  length  exteiiNioii  was  somen  bat  greater  than 
the  one-tbini  value.  Tbe  result  shows  that  iu  estimating  tbe  probable 
length  exten»:ion  of  tbe  tube  of  a  compound  cylinder  a  value  of  not  leei 
tbau  one-third  tbe  tangential  comjiression  of  tbe  bore  should  be  taken. 

By  tbe  theory  the  relative  length  contraction  of  each  of  tbe  three  out«r 
cylinders  nbeu  assembled  should  have  been  efiual  to  one-third  the  tan- 
gential extension  of  their  exterior  surface,  but  we  find  it  to  have  been 
much  Ie«s  than  tbis.  Tbe  results  are  toodiscordant  to  warraut  definite 
couulufiions  from  this  experiment  except  to  show  that  there  was  an 
actual  contraction  which,  even  in  the  B  hoop,  where  it  is  relatively  the 
greatest,  did  not  exceed  one-fourth  the  relative  extension  of  the  exterior 
circumference  of  tlie  cylinder. 

Two  cylinders  being  once  shrunk  together,  these  experiments  go  to 
prove  tbat  the  two  surfaces  in  contact  will  move  together  in  subsequent 
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elongations  produced  by  the  shrinkage  of  exterior  cylinders.     Upon  the 
assemblage  of  the  A  hoop  the  exterior  portion  of  the  tube  was  e1onp:ated 
0.0016  of  an  inqh,  and  the  interior  portion  of  the  jacket  0.0017  of  an  inch, 
the  subsequent  assemblage  of  the  B  hoop  increased  the  above  equally 
byO.0008  of  an  inch  and  |>rodnced  at  the  contact  snrfnce  of  A  hoop  on 
jacket  an  increase  of  O.OOOS  of  an  inch  in  the  length  of  the  outer  portion 
of  the  jacket,  and  of  0.0006  of  an  inch  in  the  length  of  the  inner  portion 
of  the  A  hoop.    Tbe  two  surfaces  became  one  in  efi'ect  from  the  friction 
between  them ;  and  when  the  state  of  things  is  reversed — that  is,  when 
the  gun  is  fired  and  the  exterior  pressures  here  considered  become  in- 
terior pressures — we  may  expect  the  outer  cylinders  to  assist  materially 
in  preventing  longitudinal  rupture  of  the  inner  cues  if  the  covering  is 
eoDtinuous  without  joints.* 


THEORY  ANJy  PBACTIOE   COMPARED. 


The  method  given,  pp.  14-16,  N'otes  on  the  Construction  ol  Ordnance 
So.  31,  has  been  applied  in  the  present  case,  usin<r  the  actual  values  of 
the  Bbriukages  employed  to  make  a  complete  analysis  and  comparison 
of  the  theoretical  values  for  the  changes  of  dimensions  with  the  actual 
values  given  by  the  measurements  taken  in  tbese  exiierimeuts. 

The  comparison  is  arranged  in  the  following  table.  The  values  (ab- 
solute and  relative)  given  in  the  central  columns  (b)  are  taken  from  the 
sammary  table  of  results  which  precedes;  those  of  the  antecedent  col- 
umns (a)  have  been  computed  by  the  method  of  Note  31  (see  Appendix 
C).  The  values  given  in  the  third  pair  of  columns  (c)  are  also  theo- 
retical, and  have  been  computed  by  a  method  similar  to  the  preceding, 
eieept  that  the  factor 


q=z 


which  is  introduced  by  Glavarino  to  represent  the  longitudinal  stress 
•apposed  to  exist  in  the  elementary  cylinders,  has  been  omitted  from 
all  the  formulas  of  appLcation.  , 

Tabib  Till. — Comparimm  of  actual  (measured)  ehangm  of  dimenHam  with  iheoreHoah 


Stajai  of  eoBstmelion-xneasiiMments. 


nAOB—AWKKBLAGK  OF  JACKXT. 

^MtunmentM  qf  diameten. 

Bora  of  tube 

Szterivrof  tnlw.I 

Iiit«Tiorof  jtcket.   ,.  

Sxtoffiororjackot 

MioturmnmUt  of  lengths 

Tube 

J»okei  ..'.' 


Inches. 


Theoret- 
JomL 

(a) 


-0.0038 
-0.  0(130 

-f  0.  oo:i7 

+0L  0027 


-0.0006 
+0. 0UU2 


AotnaL 


-0. 0036 
— 0.0OJ1 
-f  0.  0U46 
+0.  U027 


+0.0011 
-0. 0002 


Theoretr" 
ital. 


-0. 0036 
—0. 0034 
-f  0.  003 1 
-f  0. 0027 


-f  0. 0010 
—0. 0003 


Thousandths  per  linear  nnii. 


Theoret- 

iCHl. 

(a) 


—0.  S79 
— 0.2i.'i2 
+o.*ja:i4 
+0. 1211 


—0. 0757 
+0. 0242 


ActaaL 
(b) 


-0. 370 

-0.  MOO 
+0. 3J86 
+0. 1221 


Theore4- 

loaL 

(c) 


-0.376 
—0.  -J4006 
+0.2370 
+0. 1'ioa 


+0.1303     +0.1253 
-0.  002G3    -0.0400 


Tbeatility  of  poUshiug  the  siirfactfs  of  contact  is  doubt tn I ;  the  lon«;itiuliiial  irio- 
*ion  Ihsq  iiiiportaut  factor,  aud  if  ihe  shriukage  Hurfaces  are  tool-fit tiNhed,  Htrnight, 
*>^utrne,  with  a  sufficiently  Bmooth  Burfuce  to  admit  of  the  iieceMaary  accnracy  of 
■koasnreinent,  it  would  appear  tbat  any  farther  fiuish  is  at  the  least  uuuecessary. 


i 
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Table  Vlll. — Comparlto*  ofaotital  {mttmtrti)  dkangtt  of  dinttnnont — Coatioued. 

Isohaa.  i  IboawadtbipsrlinMianll 

S>.KU  or  a>u.tructlon.mu.a»m.DU.  [  Ti,«,ret.  ■   .  ^_.,    i  Th«.«,|.  j  Th«™i. ; 


ftaa    \MiataftmmU  of  diamtttrt.  ■  ■  ,  |  , 

Bon  or  lube j  -  D.vaM  !  -O.OOM  '  -O.DOH  '   -0.>11     ,  -0.KM3  -D.«M 

Imeriurof  inb«  I  -0.0O73  ,  -U.0O75  |  -0,m«l  '  -0.SI77  ;  -0.  5SS4  -(LSTM 

luleriorof  lacket  -O-OiiOS     ~0.0<H)H  |  -0  Mil  i  -0.03IM  i  -O.nSTI  — 0.  luOX 

Biierlor  afJiirkEt 1  -0.0013  <  — O.OliU  i  -O.ii02.^  .  ~0.«ai2  — O-OSM  I  -O.IIM 

inlcriorof  A  hoop '  +0.i)2«i  i  +o.oi!ifl     +o,i«i«     +1.  ^TiS  +1.2881  i  +L2<n 

KllerlDr  of  A  houp j  +0.02W  |  +0.02M  ]  +0.0250     +0.M72  j  +O.Wsai|  +O.MT* 

Htaturmtittt  qf  Itattk.  ill  I 

Tobo .■  -0.O0H  I  +0.00*2  I  +0.0014     -0.18M  i  +0.4OM  I  +O.MU 

J»-k«t -O-iKwei  +0.0014    +0.0010  I  -o.o7ta    +o.  ihsm!  +a.  im 

&boop +0.0014  I  -0.00(17  I  -0.0024  I  +0.  ISM  -.  — 0.0W34.  -0.3m 

THIBL)  (FUr^L)  SI 


jr«nr>«Mrt  1^  iUmtUn. 

01        '                                   18     ■                     '                      1 

fn^rJ£o?i^"2;::;:;:;:;:::::::;::: 

+0.0244  1+0.0241      +lt.022]       +1.  lOill      +].IIU)I      +I.uaM 

+o.nn  \  +0  03r.«    +0  0307  1  +\.i\»a  :  +i. ]4ot    +i.  idm 
+0.0285  ,  +ao27a  .  +0.O28S  '  +o.»Mfl  :  +o.  "res  '  +0.  bo« 

-0.n022      +0,0038'  +O.0O3e|   -0,278        +0.4«!I  ■  +0.4OT 
-0.0013      +0.0C1I      +0.0O21  1   -0.1M7      +0.W1!      +0.  STOl 
+0,00.17     -0,0001      -0. 0012     +0.0081     lo.  oiir.  1  Zo.  ISM 

+o,oon    -0.0014!  -o.ooa  i  +o.ibo«  ^o.i888  ;  -o.suu 

rnb. 

i^:::::;:::::::::::::::;::::::::::: 

Mm.  vli:    D.^>".3:  Di-14".0i  I>>icc2Z-' .0,  U,=^3a'  .3,  D.  ^  31"  .S,  In  ooodikUoii  with  UMfol- 

3  "A".  BbMluie,  0  «o«T  of  mo  inuh :  relit  iT<>.'o.4T)<fi  thouiMdi.h  pnr  linear  iooh. 
Ahoop,  nUmtiK.'.  O.ORnfiiQlnDh;  KlHIire.  1.4547  Ihnuuiiiitlia  ptr  linear  locb. 
Bhwip,  *b»lule,0.g3S8i>fu)lni:bi  lelatiTs,  1,3«I2  tLoiiuadOi*  par  llnur  Inch. 

Tbecoiiicideticeof  aU  tfaese  results  asrefcards  ratftal  changes  of  tlimeD- 
lions  which  tlirectly  coDcera  the  taugential  re^istUDce  ia  remarkable  aud 
sufficjeut  to  establish  confideuce  in  the  practical  reliability  of  the  for- 
mulas URetl  for  coiuputiiic  the  slirinkages  and  the  tanf^eiitial  reinistaQce 
of  a  guu.*  The  moat  .weight  should  be  attached  to  the  coiuparUotm  »t 
"bore  of  tube,"  and  at  tbe  exterior  of  each  cylinder  as  assembled,  be- 
cause the  actual  lueasurenieuls  taken  at  those  8urra4M)s  are  complete  for 
the  whole  length  of  cylinder,  whilst  the  remaining  diametrical  measure- 
meuts  were  taken  only  witbiu  the  ends  of  tbe  cylinders  and  may  be 
slightly  affected  by  causes  which  have  been  mentioned.  The  theoreti- 
cal values  for  corajireijsionof  tbe  bore  of  tube  are  the  same  as  the  actual 
in  the  "first  stage,"  but  gain  sligbily  on  the  latter  towards  tbe  final  stage, 
which  may  be  taken  as  indicative  of  the  increasing  resistance  of  the 
tube  metal  to  comitression.  (Comparition  of  tests  of  detached  speci- 
mens of  the  metal  made  before  and  after  the  hooping  test,  Table  1.)  Oa 
the  other  hand,  tbe  comparisons  at  the  outside  surfaces  named  Uo  not 

*By  tbis  isnieaDt  llie  limitiuR  iuturior  presaure  to  which  a  Kan  should,  for  atfutj, 
t>e  miliject>*d  ivheu  liral.  flrfit.  It  is  <wl levied  that  aguu  made  of  Hleel  uiuy  b«  Btmif^b- 
fiunl  h.v  the  tiring,  if  It  ie  not  ino  severely  strtiiueU  at  first.  Witness  tbe  Increased 
capncit;  to  perform  work  iuiluced  even  by  tlie  eieesbive,  aiiddea  strain  to  which  IIm 
three  epecloieus  of  the  B  hoop  metal  were  subjeoted.    (, Table  I.) 
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indicate  the  weakening  of  the  elastic  i)ro|)ertie8  of  the  metal  of  these  cyl- 
inders, which  tlie  after  tests  of  the  nietal  prove  to  have  l);*en  brouglit 
aboat  by  the  shrinkage  operations,  and  this  in  itself  is  satisfactory  as 
detracting  from  the  apparent  seriousness  of  that  weakening. 

Considering  the  changes  in  lengths  alone  the  comparisons  show  badly 
for  the  values  deduced  by  Clavarino's  theories,  without  modification, 
which  give  in  every  case  a  contrary  sign  from  the  actual ;  that  is,  they 
indicate  a  contraction  where  there  was  an  actual  extension  and  an  ex- 
tension where  there  was  an  actual  contraction.  But  for  the  remaining 
set  of  theoretical  values,  columns  (c)  determined  from  his  theories  as 
modified  by  neglecting  the  longitudinal  stress,  the  comparisons  with  the 
actual  changes  of  length  show  probably  as  exact  a  coincidence  as  could 
be  expected  from  the  accuracy  of  the  experiments.  This,  however,  does 
not  detract  from  the  jiractical  utility  of  Clavariuo's  formulas  as  given 
(Notes  on  the  Construction  of  Ordnance,  Nos.  G  and  7)  for  computing 
the  shrinkages  and  tangential  resistance  of  a  gun.  The  omission  of  the 
factor  einhod\ing  the  longitudinal  stress  has  but  little  effect  upon  the 
diametrical  changes  of  dimensions.* 

SHRINKAGES  FOR  THE   CONSTRUCTION   OF  THE   GUN. 

Upon  this  subject,  in  conclusion,  the  results  of  these  experiments  may 
be  considered  to  have  supplied  the  necessary  data.  It  has  been  shown, 
first,  that  the  preliminary  free  tests  of  the  metals  determine  suitable 
values  for  the  physical  constants  to  be  used  in  the  computations;  and, 
second,  conjointly  with  the  above,  that  the  formulas  applied  can  be  re- 
lied upon  to  indicate  with  accuracy  the  results  which  will  be  obtained 
in  practice.  These  facts,  in  connection  with  the  results  obtained 
from  tests  of  detached  specimens  of  the  metal  subsequent  to  the  hoop- 
ing tests,  which  are,  in  brief,  that  the  operations  of  the  shrinkage  tend 
to  increstse  the  eftective  resistance  of  the  tube,  and,  probably,  also  that 
of  the  jacket,  but  to  decrease  that  of  the  two  hoops,  place  the  question 
of  the  shrinkages  in  a  clear  way  to  be  decided  upon  theoretical  consid- 
erations, based  upon  the  results  of  the  preliminary  free  tests  of  the 
metals  used  in  the  construction  of  the  gun.  The  limitations  will  be,  to 
reduce  the  maximuia  tangential  tension,  or  the  values  of  d,  for  the  hoops 
about  10  per  cent.,  and,  in  addition,  to  make  the  shrinkages,  especially 
for  the  outside  row  of  hoops,  as  light  as  may  be  found  consistent  with  a 
retention  of  the  maximum  resistance  demanded  for  the  service  of  the 
gun.  It  is  recommended  to  favor  the  outer  shrinkage  where  practicable, 
because  the  outside  cylinder  forms  theexteriorsupport  of  the  structure, 
and,  other  things  being  equal,  the  shrinkag*- operations  should  produce 
less  degradation  of  the  physical  properties  of  the  metal  of  this  cylinder  in 
proportion  as  reductions  are  made  in  the  degree  of  heat  required  for  its 
assemblage  and  the  amount  of  constraint  brought  to  bear  upon  it  whilst 
it  is  cooling. 

R.  BIRNIE,  Jr., 
lAeuienant  of  Ordnance, 

*Virgile  neglects  ibis  factor  iii  conipntiDg  the  tangeDtial  resistaDce,  and  has  also 
agreed  to  neglect  it  in  compntinff  the  shrinkages.  (Page  24,  Notes  on  the  Construc- 
tion of  Ordnance,  No.  10.)  The  form  under  which  Clavarino  introduces  it  seems  dif- 
cqU  to  defend,  except,  apparently,  as  an  expedienJ:  toemhody  approximately  the  value 
of  the  longitudinal  stress  which  is  especiallif  developed  in  the  act  of  firing  the  gun. 
Other  faihng  cases  besides  those  in  regard  to  changes  of  length,  as  given  above,  will 
hefoand  in  applying  Clavarino's  formulas  to  apeciarcases,  because  of  his  introduction 
of  this  factor  embodying  the  longitudinal  stress. 
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(6)  After  removal  of  A  hoop. 


Distance  from  top. 


0.3  inch 

2.12  Inches. 
3.95  inches. 
5.77  inches . 
7.6  inches.. 


Mean 


InehM. 
9.4963 
.495 
.4943 
.4943 
.496 


Diameters. 


No.  1.    ,    No.  2. 


No.  3. 


Jnehes. 
9.4965 
.  4955 
.495 
.495 
.496 


9. 4952         9. 4956 


Inches. 
9.4963 
.4958 
.495 
.495 
.496 


No.  4. 


.9. 4955 


Inehss. 
9.4965 
.4953 
.495 
.495 
.496 


9.4956 


Mean. 


Inehei. 
9.4964 
.4953 
.4948 
.4948 
.496 


9.4955 


(7)  After  removal  of  Jacket  {from  half  eeotion). 


0.3  inch.... 
2.12  inches. 
8.5  inches.. 


Mean 


9.5 
.498 
.496 


9.4998 
.4978 
.496 


9.  498  9. 4979 


9.4996 
.498 
.496 


9.4979 


9.4995 
.4978 
.496 


9.4998 
.4979 
.496 


9.4978  I      9.4979 


II.— Exterior  of  tubb. 


(1)  Original  exttn-ior. 


Diameters. 


Distance  from  top. 


No.  1.     '    No.  2. 


No.  3. 


I  Inches. 

0.3inch I  14.M7 

2.12inches |  .0077 

3.95inche8 .0075 

5.77inchei I  .0077 

7.6  inches '  .0075 


I 


Mean 


14. 0076 


Inches. 

14.  0057 
.006 
.007 
.007 
.007 


Inches. 

14. 0062 
.0062 
.007 
.0075 
.0075 


14. 0065       14. 0069 


No.  4.    I    Mean. 


Inches. 

14.006 
.006 
.006 
.0075 
.007 


14.0065 


Inches. 

14.0062 
.0065- 
.0069 
.0074 
.0072 


14.0060 


(2)  After  removal  of  jacket  {from  half  section). 


0.3  inch.... 
2.12  inches 
3.5  inches.. 


Mean 


14.0067  I  14.0067  I 
.0062  '  .0062  I 
.0052  I   .0052  : 


14.0068 
.006 
.0055 


14.  0065 
.006 
.0052 


14.  0067 
.0061 
.0053 


14.006  !  14.606 


14. 0061   14. 0059  ;  14.  006 


III.— Length  op  tubk. 
( I )  Original  length. 


Outer. 
Inn«r . 


Mean 


«  a 

<5| 


Diameters. 


No.l. 


Inch.  I  Inches 
0.  25  I  7.  9025 
0. 25    '    .  9035 


No.  2.      No.  3.   I  No.  4. 


No.  5. 


No.  6.      No.  7. 


Na8. 


Mei 


Inches 

7. 9015 

.904 


Inche».    Inches. I  Inches.  Inches.l  Inches. 


7.901 
.902 


7.9005  I  7.901.".     7.9025     7.  D035 
.902         .90-J       0.035         .904 


Inches.   Inches. 

7.902       7.9019 

.9035         9081 


7.903       7.9028     7  9015   7.9012       7.9017     7.903     ;  7. 9037     7.9028     7. 9025  • 
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(2)  After  aaaemblage  of  jacket. 


1 

•  a  i 

3  4> 

Diameters. 

1 

1 

Diet 
from 

No.  1. 

No.  2.     No.  3.     No.  4. 

1 

'                1 
No.  5.  '  No.  6.     No.  7.     No.  8. 

1               ^               [ 

1 
Mean.  ■ 

1 
Outer 

Inch.     Inehet. 
0. 25     7. 904 
0. 25       .  9045 

1 
Ittehes.   Inehet. '  Inehet. 
7.  9035     7. 908       7. 9025 

1                                                      ; 

Inches.  Inehet.  \  Inehet. ',  Inehet. 
7.902       7.903       7.904    i  7.9025 

Inehet. 
7.9031 

Inner 

.904         .904         .904 

.9025       .904         .905         .9045       .9041 

1                      .   .  - 

Mean 

7. 9042 

7.9037  1  7.9033     7.9033     7.9023  '  7.0035     7.9045     7.9035     7.9036  i 

1 
1 

1               t 

(3)  After  assemblage  of  A  hoop. 


,  Outer 

0.25 
0.25 

7.905 
.9065 

7.90i 
.9005 

7.9035 
.906 

7.9035 
.906 

'  7.905 
.907 

i  7.9065 
.907 

7.905 
.9005 

7.905 
.9075 

7.9047 
.9066 

'  Inner 

1           Meaa 

7.9057 

7.9053 

7.9048 

7.9048 

7.906 

;  7.9087 

7.9067 

7.90C2 

7.9057 

(4)  After  assemblage  of  B  hoop. 


Outer. 
Inner. 


0.25  ,  7.907       7.906       7.9035  i  7.9045     7.904       7.9055 


0. 25       .908 


9075       .9055  '     .9055  ,     .907         .907 


7.9065  I  7.907     I  7.9055 
9. 085        .  9085  !    .  9072 


Mean i '  7.9075     7.9067     7.9045  '  7.905       7.9055     7.9062     7.9075'!  7.9077  '  7.9063 


(5)  After  removal  of  IS  hoop. 


Outer 

Inner 

1 

0. 25 
1      0. 25 

7.903 
.905 

7.904 

7.902 
.904 

7.901 
1     .9035 

7.902 
.903 

7  902 
.9035 

7.903 
.904 

7.904 
.005 

7.9035 
.905 

7.9026 
.9041 

Mean 

7.  903 

1 

1  7.9023 

7. 9025 

7.  9028 

7.9035 

7.  9045 

7.9042 

7.9033 

1 

(6)  After  removal  of  A  ho  p. 


•  Outer 

!  Inner 


0  25     7. 0035     7. 903       7.  002    I  7. 9015     7. 9025     7.  903       7. 904       7.  904       7. 9029 


0.25       .9047       .904 


903 


9U3 


.  9035       .  9045       .  905         .  9055  I     .  9041 


Mean I •  7.9041     7.9035     7.0025  ;  7. 9022     7.903       7.9038     7.9045     7.9047  i  7.9036 


RECORD  OF  MEASUREMENTS  OF  JACKET  CYLINDER. 

iy. — Interior  of  jacket. 
(1)  (Jriginalinterior. 


Distance  from  top. 


I    Inehet. 

0.125  inch I     14.001 

1.95inche8 000 

3.80  inches '        .000 

5.60inchea 000 

7  435inche8 00<i5 


Diameters. 


No.  1.     I     No.  2.     I    No.  3.     >    No.  4. 


Inehet. 
14. 0005 

.000 
13.9995 

.9995 
14.  0005 


Inehet. 

14.001 
.000 
.000 
.000 
.0005 


Mean 14.0003       14.000 


Inehet. 

14.0005 
.000 
.000 
.000 
.0005 


Mean. 


Inehet. 

14.0007 
.000 
.000 
.000 
.0005 


14.0003       14.0002 


14.0002 
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(2)  Aftei'  assemblage  on  tube  {at  mds). 


Diameters. 


Distance  from  top. 


No.  1.         No.  2.         No.  3.         N0..4.    !    Mean. 


I    Inches. 

0.125  inch  14.005 

7.435inches 005 


Inches.   I   Inches.    I    Inches.    ,    Iftehes. 
14. 004.5  I       14.  005  I     14.  005     l     14. 0049 
.0045  .005  .0045  .0047 


Moan 14.005         14.0045  1       14.005       14.0047  1     14.0048 


(3)  AJU'V  assemblage  of  A  hoop  (a/  ends). 


0.25  inch 14.000         13.9092       13.9995       13.9992       13.9995 

7. 435  inches 1     13.9905  .9995  .9992  .9992  .9993 


Mean 13.9997        13.9994        13.9994       13.9992       13.9994  ' 

i 

^ _  _  _    1  __  I 

(4)  AfttT  assemblage  of  11  hoop  {at  ends). 


'  0. 125  iuch  . . 
'  7. 435  inches 


13.996         13.996         13.996         13.996         13.996 
.9965  .9065  .996  .9958  i         .9962 


Mean 13.  9962       l:{.  91)62       13. 996    1     13.  9959  ,     13. 9961 


(5)  After  removal  of  li  hoop  {at  etuh). 


0. 125  inch  . . 
I  7. 435  incht^s 


14.000         14.000         13.095         13.9995       13.9997  I 


.OOf 


.000 


.9995 


9995 


.999; 


Mean. 


14.000         14.000         13.9995       13.9995       13.9997 


(6)  Afer  removal  of  A  hoop  {at  en'^s). 


0.125  Inch       

i  7. 435  inches 

U.  0042 
.005 

14.004  j 
.005  i 

14.  004 
.0048 

• 

14.  0045 
.005 

14.  0042 
.005 

Me^n 

14.0046 

1 

14. 0045       14. 0044 

1 

'tube  {from  half 

13.  9973       13.  9983 

.999            .9995 

14.0015  1     14.0015 

1  14.0047 

section). 

IS.  998 

.9995 
14.0015  ' 

14.  0046 

(7)  After 

removal  oj 

. .      13.  9975 
.999 
. .      14.  0015 

1 

1  4. 5inche8 

1  5  6  inches ..... 

13.  9978 
.9992 

7. 3  inches 

14.  0015 

Mean 

..      13.9993 

13.  9993 

13.9998 

13.9996 

13.  9995 

v.— -Exterior  of  jackrt. 
(1)  Original  exterior. 


Distance  fioin  top. 

1 

1 

Dinnieterrt. 

No.  4. 

Inches. 

22. 106 
.106 
.  1065 
1065 
.1065 

Mean. 

Inches. 

22. 1054 
.1053 
.  1053 
.1056 
.1058 

No.  1. 

Inches. 

.   ,     22.  105 

.105 

.104 

.  106 

No.  2. 

Inches. 

22.  105 
.1(5 
.  1U5 
.1045 
.105 

No.  3.     i 

Inches. 

21. 1055 
.105    1 
.1055 
.1055 

.1056  ; 

1 
0. 125  inch   

1. 95  iucliHS 

3.  80  inches 

5. 60  inches 

7. 435  inches 

.106 

Mean 

.       22.1052 

22.  1049 

22.1054 

22. 1063 

22. 1055 
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Appendix  B. 


RECORD  OF  MEASUREMENTS  OF  TUBE  CYLINDER. 


I. — Bore  of  tubk. 


(1)  Original  interior. 


DUtftBCe  from  top. 


0.3  inch    . . . 
2.12incfae>i. 
3.93  iDche«. 
5.77  inche.4 
7.6  iuchea  . 

Mean  . 


No  1. 


t 


Inches. 
9.499 
.499 
.4i»9 
.499 
.4*195  ' 


Diameters. 


No.  2.         No.  3. 


No.  4. 


Inches,    i  Inches.   ;  Inches. 

9.  499  9. 4995  I  9. 499 

.  499  .  4995  . 4985 

.499  .499  .499 

. 499  . 499  .  499 

.4995  ;  .4997  i  .4995 


9.  4991         9. 4991 


9. 4993         9. 499 


Mean. 


-I 


Inches. 

9.4991 
.409 
.499 
.499 
.4996 


9.4991 


{'<i)  J/ter  asgemblagtt  of  jacket. 


0.3 inch  ... 
2.12  inchea 
3.95  inches . 
5.77  incheB 
7.6  inches.. 


Mean 


9.4965 

9.49t>5  ! 

1 
9.4965 

9.4965 

9.4965 

.  495 

.  49.-):, 

.4955  ' 

.4955 

.4954 

.495 

.495 

.495  ' 

.495 

.495 

.  4945 

.495 

.495 

.495 

.4949 

.4955 

.41456 

.496 

.4955 

.4956 

9.4953 

( 

9.4955 

1 

9.4956 

9.4955 

9.4955 

(3)  After  assemblage  of  A  hoop. 


0.3  inch 

2.12  inches 
3.95  inches. 
5.77  iuchf  8 , 
7.6  inches. . 


Mean 


9.491 

9  4916 

9.4915 

1 

9. 4916 

9. 4914 

.4905 

.4905 

.4906  1 

.4904 

.4905 

.49 

.49 

.4902  ' 

.4898 

.49 

.4902 

.4903 

.4902 

.4902 

.4902 

.4912 

.4912  ' 

.4912  , 

.4914 

.4912 

9.4906 


9. 4907         9.  4907 


9.4907         9.4907 


(4)  After  assemblage  of  li  hoop. 


0.3  inch 

2.12  inches... 
3.95inciiea.. 
5.77  inches . . . 
7.6  inches   .  ■ 


Mean 


9.4866 
.4865 
.486 
.486 
.4865 


9.487 
.4865 
.486 
.4863 

.4868 


9.4863  .      9.4865 


9.487 

9.487 

9.4869 

,    .486 

.486 

.  4862  1 

'    .485 

.48.55 

.4856 

.  4852 

.  48.55 

.4857 

.4868 

.4865 

.4866 

'   9.486 

9.4861 

9.4862 

(5)  After  r^oral  of  H  hoop. 


0.3  inch.... 
2.12  inches . 
3.95  inches. 
5.77  inches. 
7.6  inches. . 

Mean 


9. 4917 
.4908 
.49 
.49 
.4912 


9.4913 
.4904 
.4897 
.4897 
.4907 


9.4907  I      9.4904 


9.4915 
.4907 
.49 
.49 
.  4912 


9.4907 


9.4013 
.4903 
.4895 
.4898 
.491 

9.4904 


9. 4914 

.4905 

.4898 

.4899 

.491 

9.4905 

BEPOBT  OF  THB  CHIKF  OF  ORDNANCE. 

(6)  Aftve  rtmoval  of  A  hoop. 


DiBluce  flOTi  lop. 

1     No.  1. 

No... 

No.  3. 

So.*. 

JnMn. 

AIMS 
.«63 

!«» 

.(M 

M«n.   , 

V.4M3 

.in 

.199 
1      »-«^ 

'.m 

'.4K 

.m 

IncAM. 

2.l2lnDh«> 

.4M3  . 

T.CInohM 

Umu 

.««    1 

.■.4DS5 

».*»x 

H.*B»I 

(7)  4/ler  removal  ^  Jacket  i/roiH  half  atotion). 


aai    h 

' 

e.4»M 
!49a   1 

9.41W6 
.IDS 

».4ws      ».im 

.«•     ,         .«HI     ' 

L L 

!         i 

II.— EXTBRIOB  OF  TUBK. 
(1)  OrijinaJ  e.r(fTior. 


14.  (Mm      14.  DM 


14.001S       14.0005        14.(H)«»        14.(KWS[     14.01 

ral  of  jacket  {from  *aI/«ofiuit). 


J.Slneh. 


Ill,— Lbsoth  ov  Turne. 
(I)  OH^inoncR^rh. 


!  SI 


Ij 

Na.1. 
Indui 

'.tox. 

Inthi; 

'.m 

T.M1 

/MUM. 

NcS 

„„.. 

7.901 

.;  /«»« 

So.  7. 

».. 

im*. 

India 

:9>)3!> 

REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


263 


(2)  AJtw  assemhiitge  of  jacket. 


Dletaoce 
fh>in  edge. 

No.  1. 

DUuneten. 

No.  8. 

1 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

No.  7. 

Mean.  ' 

Outer 

Inner 

Inch. 
0.25 
a25 

'  Inehe; 
7.904 
.9045 

Ineh€9. 

7.9035 

.904 

Inchet. 

7.903 

.904 

Inehea, 

7.9025 

.904 

1 
hiches.  Inehea. 
7.902       7.903 

.9025       .904 

1 

Inehet. 

7.904 

.905 

1 

.Inehes. 

7.9025 

.9045 

Inehet. 

\  7.9031 

.9041 

Xean 

7.904-2 

7.9037 

7.9033 

7.9033 

7.9023  '  7.9035 

7.9045 

7.9035 

7.9036 

('A)  After  uMemblage  of  A  hoop. 


Oater.. 
Jnaer... 


0.25 
0.25 


7.905 
.9065 


7.901 
.9065 


7.9035     7.9035  '  7.905 
.906         .906    I    .907 


7. 9065     7. 905    '7.  905       7. 9047 
.  907    '    .  9065       .  9075       .  9066 


7. 9057     7. 9053     7. 9048     7. 9048  ,  7. 906    .7. 9067     7. 9057  •  7. 90C2  !  7. 9057  , 


(4)  Afttr  assemblage  of  B  hoop. 


Onter. 
Inner. 


lCe« 


0.25     7.907       7.906       7.9035     7.9045     7.904       7.9055 


0.25       .908         .9075       .9055  ,     .9055       .907 


.907 


7.9065  7.907   7.9055 


9.085 


n 7.9075  !  7.9067  7.9045  :  7.905   7.9055  7.9062  7.9075 


.  9085   .  9072 


7.  9077  .  7. 9068 


(5)  After  removal  of  B  hoop. 


Outer 

Inner * 


0.25  ,  7.903       7.902 
0. 25  !.  905         .  904 


7.  901       7.  902 
.  9035       .  903 


7  902       7.  903 
.  9035       .  904 


7.904 
.905 


7. 9035  .  7. 9026 
.  905  .  .  9041 


^©an 


7.904   7.903   7.9023  7.9025  7.9028  7.9035  7.904.5  7.9042  7.9033 


(6)  After  removal  of  A  ho  p. 


Onkr.. 
Inner.. "j^""'    •• 

1 

0  25     7. 9035 
0.25       .9047 

7.903 
.904 

7.  002 
.003 

7.  9015 
.903 

7.9025 
.9035 

7.903 
.9045 

7.904 
.905 

7.904 
.9055 

7.9029  j 
.9041 

'■^^•Ul.. 

.1 '7. 9041 

7.9035 

7. 9025 

7.  902i 

7.903 

7.9038 

7.9045 

7.9047 

7  9035 

. 

"       ■ — — ,_ 



RECORD  OF  MEASUREMENTS  OF  JACKET  CYLINDER. 


IV. — Intkriok  of  jacket. 


(1)  Original  interior. 


Distance  from  top. 


I  0.125  Inch  ... 
1. 95  inches  . . 
3. 80  inches  . . . 
5. 60  inches  . . . 
7  4.35  inches  . . 


Diameters. 


No.  1.         No.  2.         No.  3.    i    No.  4. 


Inehet.       Inehet.       Inehet.    '   Inehet. 


.'  14.001 
.000 

<  .000 
.000 


14.0005  14.001  14.0005 

.000     '  .000  .000 

13. 9905  .000  .000 

.9995  .000  •        .000 


0005       14. 0005 


.0005 


.0005 


Mean 14.0003       14.000 


14.0003       14.0002 


Mean. 


Inehet. 

14.0007 
.000 
.000 
.000 
.0005 


14.0002 
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(4)  Afler  removal  of  B  hoop. 


Diameters. 


Distance  from  top. 


No.  1.    .    No.  2.        No.  3.    '    No.  4.        Mean. 


,  0.1  inch 26.3345 

<  1.92inchea 3338 

3. 75  inches 3343 

I  5, 57  inches 335 

I  7. 40  inches .335 

Mean •    26. 3345 


26. 3345 

26.3335  ; 

26.3335 

2&834 

.3342 

.3338  1 

.3338 

.3339 

.  335    , 

.334 

.3348  , 

.3345 

.33.52 

.335 

.334     , 

.3348 

.335 

.3345 

.3343 

.3347 

26.3348       26.3342       26.3341       26.3344 


IX.— LENGTHS  OF  A  HOOP. 


(1)  Original  length. 


Outer. 
Inner. 


Mean 


la 


Diameters. 


No.  1.   i  No.  2.    ,  No.  3.   i  No.  4. 


No.  5.   ,  No.  6.      No.  7.   <  No.  8.   1  Mean. 


Inch.  '  Inches.  Inehet.  i  Inches.  Inches.  I  Inches  j  Inches.  Inches.  Inches. ,  Inches,  ' 
0.  25  7.  499  7. 4985  I  7. 499  7.  4995  I  7.  5005  7.  500  7. 4995  7. 4995  '  7. 4994  . 
0. 25  I    .  498         .  4975       .  4995         500         .  501     l        5iM)       .  500         .  4995  '    .  4994  i 


7. 498.'^     7. 498       7. 4992     7. 4998  '  7.  5007  I    7.  500  i  7. 4998     7.  4995  '  7. 4094 


('2)  After  assemblage  on  jacket  and  tube. 


Cater. 
Inner . 


Mean 


0.25 
0.25 


7.498 
.498 


7.498 
.499 


7.499  ,  7.499 
.499  I    .500 


7.499 
.500 


7.  4985     7. 4975  I  7. 4975     7. 4983 
.  4995       .  490         .  4985  ,    .  4001 


7.  498     7. 4985       7.  499  |  7.  4995  <  T.  4995     7. 499 


7.4982  I  7.498       7.4987 


(3)  After  assemblage  of  B  hoop. 


'  Onter 

0.25 
0.25 

7.499 
.499 

7. 49S5 
.500 

7.499 
.500 

7.499 
.500 

7.499 
.500    I 

7.4995  > 

1 

7.4995 
.500 

7.499 
.500 

7.498 
.499 

7.4980 

1  Inner 

.4997 

Mean 

1 

7.499 

7.992 

7.4995 

7.4995 

7.4998 

7. 4995 

7.4985 

7.4903 

(4)  Jfttr  removal  of  B  hoop. 


X)nter 

Inner 

Mean 

1 

1 

.  '      0.25 
0.25 

7.  4965 
.497 

7.4962 
.497 

7.4967 
.4969 

7.4968 
.499 

7.498 
.4988 

7.4984 

7. 4972 
.498 

7.497 
.498 

7.4957  ' 
.4963  1 

7.4968 
.4976 

..1 

1 
1 

7.4967 

7.4966 

7.4968 

7.4979 

7.4976 

7. 4975 

7.496 

7.4972 

(5)  After  being  removed  from  the  section^  cut  open  on  one  side. 


1 

Ooter 

Inner 

...       0.25 
...';      0.25 

7.499 
.499 

7.499  1 
.499 

7.499 
.499 

7.5005 
.501 

7.501 
.5015 

7.500 
.500 

7. 4995 
.4995 

7.4987 
.4985 

7.4006 
.4907 

Mean  ... 

7.499 

7.499 

7.499 

7.5007 

7.5012 

7.500 

7.4995 

7.4086 

7.4996 
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RECORD  OF  MEASUREMENTS  OF  B  HOOP. 


X. — Intkkiok  of  B  hoop. 


(I)  Original  interior. 


Distance  from  top. 


No.  1. 


Inehe*. 

Clinch 2«.  21)9 

1.92lnche8    2995 

3.75inchee 300 

5.57inch(0H .2995 

7.40incbe8 300 


Mean 


26  299G 


No.  2. 


Diametors. 


No.  3. 


No.  4.   '    Menn. 


Inches. 

Inches. 

Inches. 

Inches.    > 

26.  2975 

26.  298 

26.  2995 

26.2985  , 

.298 

.  298     , 

.2995 

.2987 

.299 

.300 

.300 

.2998  • 

.2965 

.2995 

.299 

.2991 

.2J« 

.  300     ■ 

.300 

.2997  ' 

1 

26.  2984 

26.2991  1 

26.  2996 

26.2992  ' 

{"2)  After  assemblage  on  A  hoop^  j'tcket^  and  tube  (at  ends). 


m 

~ 



\  0.  liuch 

1    26. 3285 

26. 3*29 
.3295 

»;  329 
.33 

26.3285  ' 
.329    , 

26  3288 

1  7. 40  inches 

33 

.3296 

1           Mean 

.   ..  1    26.3292 

26. 3293 

26.  3295 

26  3287  1 

26.3292 

(3)  After  being  removed  from,  the  section^  cut  open  on  one  side. 


O.linch 26.3015       26  301     |    26. 3002  i    26.3002       26.3007! 

3.75incbeH        302    '        .3025  .3015  1        ,3002  |        .3015  i 

7.40inches. 301  .3023  I        .301     |        .300    =        .3011  ! 


Mean 1    26.3015!    26  3019      26.3009       26.3001       26.3011 


XI. — EXTKIUOR  OF  B  HOOP. 


(1)  Original  exterior  (at  ends). 


Distance  from  top. 


Diameters. 


No.  1.     .    No.  2,     i    No.  3.         No.  4. 


Mean. 


■  0.  linch. 
7.  40  inches 

I 

Mean 


Inches.  I  Inches.  \  Inches,  i  Inches.  '  Inches. 
31.49M5'  31.4975!  31.498  '  31.498  31.498 
498  .4985  I        .  408    <        .4985  I        .4982 


31. 4982 


31.498    ■    31.498         3L4982  i    31.4981 


(2)  After  assemblage  (at  ends). 


'  0. 1     inch  31. 525 

7.40   inches  .526 


31.5255       31.525    i    31  5249 
.527     I        .526  .526 


31.  5251 
.5262 


Mean..  31.5255  i  31.5262   31. 5255  »  31. 5254  i  31.5257 
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(4)  Jfirr  remoral  n/  B  lioop. 


DlatuiM  from  top 

""■■■ 

No.  a. 

av334s 

'.sm 

No.  a.         No,  4. 

M.333S;    IS.K35 

'.m             ^334 

Mtu, 

!:!ja..;:::::; : 
ISSS:.:::::::;; 

7.4UlDctaes 

.  '    M.834S 

'..\      '.iai3 
.3SS 

20.334 

.ssaa 

:334i 

2«.3341        28.3344' 


IX.— LENfiTITS  IHf  A  IIIX 

(1)  Original  Uuglh. 


— 

n 

Inch. 
9.  it 

a.  2b 

DlwetoM. 

T.  499       1,  4W5 
.  483         .  4BT5 

i"^- 
'■^ 

■»0    ,    :501 

No.a. 

'wo 

incft«. 

7.4MS 

No.  8.      Mud. 

.4»S      .4m 

T-lSKfi      7.4W 

'-- 

T.4»«.J7.50W 

1.500 

7.4S« 

_  . 



{'i)  Aflrr  aiirmblagf  onjackel  and  lube. 


7.4WS  ;  T.4ft7S  I  -I.4V7S    7.4W 


.tW    <      .4N  !    .MM    I    .Ma    '    .4M5]    .4N    '    .4089 
7.49es  .    7.4M  '  T.4INS  j  T.lBftS     7.4W    i  7.4MZ  '  T. 


(-))  Jfier  aiHiiiilai/r  of  B  hoop. 


7.  <W     I  7.4B»S      7.499       7.4M 
7. 4»l»  I  '.  4MS     T.  4W.^     7.  *»»!•     ' 


.497     <       .497        .4999       .499  .  4aafl        .  4W 

7.4907      7.4»8«      7. 4»«8  ■  7.4978     7.4984      7.4970. 


(5)  J/ler  btitig  remored  from  the  eeclion,  out  open  on  one  »u/e. 


Ootw 

Iddvt.. 


.  BOl  '  .  Mlia  .  MO       .  4996      .  4985 

7.  SIKI7  j  7.  5012       7.  Sm      7.  4993  |  7.  4988  '  : 
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RECORD  OF  MEASUREMENTS  OF  B  HOOP. 


X.— iNTKKlOlt  OF  B  HOOP. 


(1)  Original  interior. 


^Distance  from  top. 


No.  1. 


;  IneheH. 

'  0.  1  inch 28. 21*9 

1.  92  inchea    2995 

3.  75  inches 300 

5.  57  iuchoM .  2995 

7.  40iiichea 300 


Mean 


26  2996 


DiamctorH 

• 

1 

No.  2. 

No.  3. 
Ineheji. 

No.  4.    • 
Inches. 

Mean. 

Inehei. 

1 
Inehei.   • 

26. 2975 

26.  298 

26.  2995 

26.  2985  , 

.298 

.298 

.  2995 

.2987 

.299 

.300 

.300 

.2998 

.2985 

.2995 

.299 

.  2991 

.299 

.300 

.300    ' 

.2997 

2G.  2984 

26.  2991 

26.2996  ; 

26.2992 

(2)  After  ansemblage  on  d  hoop,  jacket,  and  tube  (at  ends). 


O.  linch 26.3285       26.329         26.329         26.3285       26.3288 

7.40mchefl 33  .3295  .33  .329  .3296 


Mean 


26.3202       26.3293       26.3295       26.3287  I    26.3292 


(3)  After  being  removed  from  the  section,  cut  open  on  one  side. 


0.  linch 26.3015 

3.  75  inches        302 

7.40inches 301 


26.301 
.  3025 
.3023 


26.  3002 
.3015 
.301 


26. 3002  I  26.  3007  i 
,3002  <  .3015  I 
.300  I    .3011 


Mean 26.3015   26  3019;  26. 3009  i  26.3001.  26.3011 


XL— Exterior  of  B  hoop. 


(1)  Original  exterior  {at  ends). 


Distance  from  top. 


0.  linch. 
7. 40  inches 

Mean 


Diameters. 
No.  1,     .    No.  2.     i    No.  3.         No.  4.        Mean. 


Inches.  '  Inches.  Inches.  '  Inches.  '  Inches. 
I  31.4985  I  31.4975,  31.498  31.49K  31.498 
I        .498    I        .4985  I        .498  .4985  .4982 


31.4982  I    31.498    I    31.498         31.4982  •    31.4981 


(2)  After  assemblage  {at  ends). 


0. 1     inch      ' 
7.40  inches 


31. 525 
.526 


31. 52.55 
.527 


31.  525 
.526 


31  5249  I    31.6251  ! 
.  526     '        . 5262  . 


Mean..  31.5255 


31.5262   31.  5255  f  31.  5254  I  31.5257 
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said  snrface  due  to  the  asseiublage  of  tbe  A  hoop,  since  that  attdemblage  produces  the 

given  pressure  Fi4-;>i.    Therefore,  chaugiug  the  sigu  of  py  aud  adding  to  the  preasare 
previously  existing,  we  have 


Pi-fj>i=l:',-f.;>,-fj>,=ii.549-f-2.l764=^3.7-2(>4  tons 

to  represent  the  pressure  at  the  inner  contact  surface;  whilst  at  the  out^r  contact 

surface  we  have  l^H-/>>=3.484  tons. 

From  formula  (L2)  the  value  of  ^i  is  now  expressed  as  follows: 


_(4  Ho-+Ri-)  P,-fi>.     (4  R^^+R,^)  P.-hPi-S  Ri'J^.H-^ 
^^-  '  .J  (Rr— Ko-)  Eo    "^  3(R/-R,-)E, 

Substituting  tbe  given  values  an<I  reducing  the  two  terms  composing  the  second 
member  we  obtain 

0,=.UOO4784fc.OOO5177— .0003iK 
Then 

Relative  tangential  contraction  of  exterior  of  tube=0.5177  thousandths. 
Relative  tangential  extension  of  interior  of  jacket=— 0.039  thousandths. 

The  tangential  compression  of  tbe  bore  of  the  tube  is  given  by 


,r^=.;  /  o  .     i>  'v  t'n=0.yil  thousandths  per  linear  unit ; 
aud  tbe  tangential  extension  of  the  exterior  of  the  A  hoop,  by 

r^=\i  rn  1  *o  -x  1.^  =0.9472  thousandths  per  linear  unit. 
The  variations  in  length  are  derived  from  the  following: 


dj^o  Rl-P|-|-pj  A  ,on^  i.1-  j.i_  1- 

-,;    = — .^  rR»-— R  '^^  F  ~ — 0.1822  thousandths  per  linear  unit. 


~dl    ^^ 'S  (K-'— K  '\  E ~ — 0.0763  thousandths  per  linear  unit. 


dAhi         R..'-'  Pi  +  n. 

-,.— =..  Yp-r_ji  ,>N  j^  =-|-0.lH95  thousandths  per  linear  unit. 

Third  {or  final)  stage. — Assemblage  of  B  hoop  on  tnbe,  jacket,  and  A  hoop. 
[This solution  is  not  given  in  Note  31,  but  is  a  direct  sequence  of  the  methods  given,  j 
%  We  have  the  given  shrinkage: 

^=.0013612  [7.1339405] 

To  adapt  formula  (14)  to  the  case,  we  must  place 

|)3=— (Pa-f/ig)  and  substitute  (Ps+Ps)  for  Ps 

whence  formula  (14) : 

_^Ri^p.-l-(4  RiMiRa^)  (P34-P3)  ,  (4  R4^+R3^)  (P.4-P3)  n4^« 

^"^  3(IV-R«'')Es  "^      3(R4*--1V)E3  *     '     "     ^  ^ 

The  unknown  quantities  in  this  equation  are  p.j  and  (Pa+l's)*  ^i^t  we  may  express 
the  former  in  terms  of  the  latter,  and  thence  obtain  the  value  of  {Vz-{-pz)j  which  rep- 
resents the  pressure,  at  the  outer  contact  snrface  of  the  structure,  induced  by  the 
assemblage  of  the  outer  (6)  hoop. 

*Taken  from  page  14,  Notes  on  Construction  of  Ordnance,  No.  6. 
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To  express  the  value  of  p^  in  terms  of  (Ps-f-^)  ^®  have  from  the  general  equations 
of  equilibrium  concerned  (see  example  p.  17,  T^otes  on  the  Construction  of  Ordnance, 
No.  7)  upon  stibstituting  therein 

P3=— (Pi+i>s) ;  and  pti=Ot  since  Po=0 
the  following: 

5  .Ra«  (Ri«  —  Ro»)  Eq 

-P»  —  Eo(Ri«-Bo»)  (4  R,«  +  Ri«}.H-  El  (R,»  -  R,«)  (4  Ro«  +  R,«)i>, 

and 

-^_ 5R8MRa«~Ri«)Ei(P,  +  p>) 

^        El  (R,«  —  Ri»)  (4  Ra*  +  R,»)  -|-  Ea  (R,*— Rb«)  (4Ri»  +  R««)  — 5  Ri«X  o*] 

in  the  latter,  of  which  c^  represents  the  fractional  coefficient  of  p%  in  the  first. 

By  substituting  the  values  of  the  known  quantities  and  reducing,  these  two  equa- 
tions become 

l>i=      [9.7956479]  o, (14)5 

j,a=— [9.9687559]  Ps-fjp,) (14)o 

Substituting  this  latter  in  equation  (14)a,  also  the  logarithm  of  ^  and  reducing 
the  second  member,  we  obtain 

[7.1339405]  =  [5.e253724](P,-|-p,) +[6.5584958]  (P.+j),)    ....    (14)<I. 

whence, 

(Ps  +P9)  =  3.3692  tons. 

This  substituted  in  (14)<2,  replacing  ^  for  the  first  member,  gives 

^  =  .0001422  +  001219  =  .0013612. 
whence, 

Relative  tangential  contraction  of  exterior  of  A  hoop =0.1422  thousandths. 

Relative  tangential  extension  of  interior  of  B  hoop  =  1.219  thousandths. 

Passing  now  to  the  intermediate  contact  surface,  where  the  shrinkage  ^=.0014547 
has  been  applied,  we  wish  to  find  the  increase  of  pressure  brought  about  by  the  as- 
semblage of  the  B  hoop. 

If  the  pressure  (Ps+Ps)  were  supposed  removed,  the  relief  of  the  pressure  at  this 
surflftoe  would  be  given  by  the  value  of  ps,  equation  (14 )o,  when  we  substitute  therein 
the  given  value  of  (Ps+JP3)i  conversely  this  value  for  p^  may  be  taken  to  represent 
the  Increase  we  are  seeking.  Therefore,  to  obtain  the  pressure  existing  in  this  final 
stage  at  this  contact  surface,  we  have  simply  to  find  the  indicated  value  of  j)s,  change 
its  sign,  and  add  to  the  pressure  previously  existing.  * 

Substituting  the  value  (Ps  -f-i>3)= 3.3692  in  (14)o  we  obtain 

i>«  =  — 3.1353; 
whence  * 


+pt)  =  P9-^P9'\-p9=  3.484  +  3.1353  =  6.6193  tons, 

which  represents  the  pressure  at  the  intermediate  contact  surfiice. 
Resuming  equation  (13),  we  make  the  following  substitutions: 

jp,=  -(P,-|.j,,)       P,=  (P,-|-p,)       P,=  (P,+p,) 
whenoe 

+  i'+Ra')(P« +!>«):,  (4  R>«-|-Ra«)  (P,-|.j>,)-5  R»«  (P,  +  p,) 

^  =  3  (B,»— Ri«)  E,  +  3(R9»-R9»)E, 

The  value  of  Oi  will  be  derived  from  equation  (13)(by  substituting  therein  the 
present  value  of  (Ps  -Hi>9).    We  thus  obtain 

pi  =  —4.13485  tons. 
4625  OBD ^18 
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With  the  known  value  substitnted  in  the  second  member  of  the  expression  for  ft 
above  we  find 

tp^  =  .00034363  +  .0011083  =  .0014546 

whence 

Relative  tangential  contraction  of  exterior  of  jacket  =  0.3463  thousandths. 

Relative  tangential  extension  of  interior  of  A  hoop  =  1.1083  thousandths. 

We  pass  now  to  the  inner  contact  surface,  where  the  shrinkage  0i  =  .0004786  has 
been  applied.  The  pressure  existing  at  this  surface  in  this  final  stage  may  be  derived 
in  either  one  of  two  ways.  Technically  it  will  be  more  correct  to  make  the  suppo- 
sition that  all  pressure  is  removed  from  the  exterior  of  the  jacket ;  find  the  variation 
(relief)  of  pressure  thereby  induced  at  the  contact  surface  between  the  jacket  and 
tube;  change  the  sigu  of  this  variation,  and  add  to  the  value  of  Pi  -fl'ii  <m  found 
when  these  two  cylinders  were  originally  assembled  alone.  We  have  found  the  valae 
of  this  variation  in  the  value  of  pi  above,  viz : 


whence 


;>i=— 4.13485  tons; 


(Pi  +J»i)  =  Pi  +!>>  +Pi  =1.549  + 4.13485  =  5.68:«5  tons. 


which  represents  the  pressure  at  the  inner  contact  surface  for  this  final  stage. 

In  another  and  equally  direct  way  we  may  find  the  value  sought  by  considering  the 
assemblage  of  the  outer  (B)  hoop  alone,  find  the  variation  (relief)  of  pressure  which 
would  be  induced  at  the  inner  contact  surfaee  by  supposing  this  noop  removed  from 
the  structure,  change  its  sign,  and  add  to  the  pressure  existing  at  that  surface  in  the 
$eoond  stage  of  the  construction.  VH M^        W^ 

The  variation  of  pressure  now  sought  will]be  derived  fromTequation  (14)5  by  snb- 
stituting  therein  the  value 

P9  =  — 3. 1353  tons; 

already  found  by  the  solution  of  equation  (14)o ;  whence  we  obtain 


pi= — 1.9585  tons. 


Then,  from  what  proceeds 


(Pi  +l>i)=  Pi  H--PI  +Pi  =3.7254  -I- 1.9586  =  5.68:^9  tons, 

or  the  same  value,  as  previously  found. 
Resuming  equation  (12)  we  make  the  following  substitutions: 


j>o  =  0.  since  Po  =  0;  andi)i=— (P,-f  pi),  P«=(P«+j>,), 


whence 


^1  = 


(4R«j'4-Ri')fPi-hPi)    .    (4Ra«  +  R,«)(P.+p,)-;5R.«(P«  +  p,) 


3(R,«— Ro«)Eo 


3(R9«  — Ri3)E, 


and  substituting  the  given  values, 


whence 


f  =  .0007899  —.0003112  =  .0004787 


Relative  tangential  contraction  of  exterior  of  tube^ 0.7899  thousandths. 
Relative  tangential  extension  of  interior  of  jacket.= — 0.3112  thousandths. 

Resuming  the  values  found  for  the  pressures  existing  at  the  several  contact  8urfao«» 
in  this  final  stage  of  the  construction,  we  have 

(Pi+JPi)=5.6839,  (P, +i>»)  =  6.6193,  and:(P3-|-j)8)  =  3.3692  tons. 
The  tangential  compression  of  the  bore  of  tube  is  then  derived  firom : 

- w—  =  37r  a^i  Ro«^  fio~  ^'^  thousandths  per  linear  unit. 
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and  the  tangential  extension  of  the  exterior  of  the  stractnre,  that  is,  of  the  B  hoop^ 
from: 

A  R,        5  Rs*  (P3  4-  03) 
iL  ^^  3  TRi*~^^^^^~R  «'^  E"  ^^  0«^46  thousandths  per  linear  unit. 

The  variations  in  length  are  derived  from  the  following : 

dA*o  Ri'(Pi+Pi)  ^«^«.^ 

— jT"  -  = —  Q  /p  rZTvtJy^  —  —  0.278  thousandths  per  linear  unit. 

dAAi       R,«(P,+i)i)-R»«(P«jvP8)  ni««^*v  A*^.  r 

--^jH —  = 3"rfe»"IirR"«ns =  ""  ^'Ifi^  thousandths  per  linear  unit. 

j,T     =  -  -  ^^^ — ^rf.  g  _  p  av  jj. =  +  0.0981  thousandths  per  linear  unit. 

^  *  =  37r:8  _L  pj»\  K  =  +  0.18092  thousandths  per  linear  unit. 

NoTB. — The  preceding  relative  values  are  given  in  column  (fr),  Table  VIII,  under 
"  thousandths  per  linear  unit/'  except  that,  in  order  to  make  the  comparisons  with 
the  actual  measurements  direct,  the  following  corrections  for  tangential  extension  of 
exterior  of  jacket  and  A  hoop,  due  to  their  first  assemblage,  are  made: 

Second  stage : 

Exterior  of  jacket  =  —  0.1823  +  0.1211  =  —  0.0612  thousandths  per  linear  unit. 

Third  stage: 

Exterior  of  jacket  =  —  0.3463  +  0.1211  ==  —  0.2252  thousandths  per  linear  unit. 

Exterior  A-hoop  =  +  0.9472  —  0.1422  =  +  0  80&0  thousandths  ner  linear  unit. 

The  column  (5),  under  inches,  consists  of  the  products  obtainea  by  multiplying  the 
relative  values  of  the  changes  by  the  corresponding  interior  diameters  or  lengtlu. 
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BJSPOBT  ON  BXPJSBIMENTAL  CTLINDEB.  FROM  THE  VS^INCH  CAST-ISOIf 
BREECH'LOADINa  BIFLE,  HOOPED  AND  TUBED  WITH  STEEL. 

By  Gapt.  D.  a.  Ltlb,  Ordnance  Department. 

COMPOSITION. 

The  experimental  cylinder  for  the  12-inch  cast-iron  breech -loading  rifle, 
hooped  and  tnbed  with  steel,  is  a  compoand  or  bailt-np  cylinder,  com- 
posed of  four  parts,  viz :  (1)  The  tnbe  section  ( Whitwoith  steel) :  (2) 
the  body  (cast  iron) ;  (3)  the  Ahoop  (Midvale  steel) ;  (4)  the  B-hoop 
(Midvale  steel). 

MATEBIALS. 

THE  TUBE  SECTION. 

This  was  oat  from  the  front  end  of^the  tnbe.  An  annular  slice  for 
test  specimens,  V'.2  in  thickness,  was  removed  fr^m  between  the  section 
and  the  tube  proper. 

The  end  of  the  tnbe  section  toward  the  main  body  of  the  tube  was 
marked  "face."  The  tube  was  made  by  Sir  Joseph  Whit  worth  &  Go. 
from  '^  fluid-compressed  steel." 

THE  CAST-IRON  BODT. 

The  body  for  the  experimental  cylinder  was  taken  from  the  breech 
end  of  the  i^an-oasting,  and  about  Ave  inches  in  rear  of  the  face  of  the 
breech  of  the  finished  gun.  The  initial  tension-ring  for  breech-test 
specimens  was  taken  out  between  the  experiiBental  cylinder  and  the 
breech  of  the  gun.  That  end  of  the  body  of  the  cylinder  which  was 
next  to  the  gun  is  called  the  "  fsK^e,"  and  is  so  marked  and  designated 
throagboat  the  experiments. 

THE  HOOPS. 

These  were  made  from  Midvale  open-hearth  steel,  and  were  marked, 
respectively,  "Ax"  and  "  Bx." 

The  tabe  and  hoops  were  rough-finished  to  within  about  one-eighth 
of  an  inch  of  their  finished  dimensions. 

OONTBAOT  SPSOIFIOATIONS. 

The  cast-iron  body  of  the  exi>erimental  cylinder  was  provided  for  in 
the  contract  with  the  South  Boston  Iron  Works,  dated  September  24, 
1883,  as  follows : 

"  The  casting  [for  the  12-inch  hooped  and  tubed  gun]  shall  be  eighteen 
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(18)  inches  longer  at  the  breech  end  than  is  called  for  on  the  attached 
drawing,  to  provide  for  a  cylinder  to  be  taken  from  that  end  for  experi- 
mental purposes." 

Again,  the  contract  of  June  30,  1884,  provides  <'  that  before  finish 
tnmmg  and  boring  the  parts  of  the  gun,  an  experimental  cylinder, 
about  ten  inches  long,  representing  a  section  of  the  gun  over  the  cham- 
ber, will  be  assembled  exactly  as  the  gun  is  to  be  assembled,  with  the 
prescribed  shrinkage  and  the  same  allowed  variations.  This  experi- 
mental cylinder  will  also  be  unhooped,  the  several  parts  being  success- 
ively  removed  by  pouring  molten  metal  about  the  exterior  •  ♦  •." 
y^  ^^AU  dimensions  to  be  subject  to  such  slight  changes  *  *  *  as  the 
Ordnance  Department  may  deem  necessary  or  advisable  to  make  as  the 
work  progresses." 

Allowed  variations. 


Boring  the  tnbe,  limits 

TnrnioKof  other  parts 

Boring  of  other  parts 

Bxterior  diameters  of  three  inner  cylinders,  limits . 

Parallelism  of  ends 

Bocentricity 

Conioalness ^ 

Lengths x 


Contract  of  Jane 
80,  1884. 


S  +".003  ) 
\^    0005 

±".008 


.008 
.008 
.003 


Instmotionf  of 
Chief  of  Old- 
nance,  April  22, 
1885,  andprinted 
circniar  of  De- 
cember 1, 1884. 


±".981 

:fc".002 

+".000 
-".002 

.008 

.001 

±".01 


Snrplns  metal  left  for  finishing  exterior  diameters  of  cast-iron  body  and  A-hoop,  after  shrinking  os 
and  measnrinff  exterior,  +".08. 
Bxterior  of  B-hoop  to  be  tamed  to  finished  dimensions  at  once. 


INSTBUCTIONS. 

In  addition  to  the  contract  specifications,  special  instructions  in  re- 
gard to  assembling  and  dismantling  the  experimental  cylinder  were 
given  by  the  Chief  of  Ordnance  United  States  Army,  as  follows : 

Ordkakcr  Office,  War  Departmrnt, 

Waahingtotif  D.  C,  ApHl22,  1885. 
Capt.  D.  A.  Lyle, 

^  South  Boston^  Ma%9»i 

Sir  :  Id  hooping  the  experimental  cylinder  provided  for  under  the  contract  for  the 
I2>inch  B.  L.  rifle,  caat  iron,  hooped  and  tnbed  with  steel,  the  general  instmctions 
contained  in  the  inclosed  circular*  relative  to  the  assembling  and  dismantlin|p  of  an 
experimental  cylinder  for  the  8-inch  B.  L.  rifle  will  be  followed  as  far  as  practicable, 
except  so  far  as  modified  herein.  The  following  data  and  special  instructioDS  art 
also  furnished  you. 

Dimensions  of  cylinders  for  the  asaemblage. 


Heasnrements. 

Tnbe. 

Casting. 

A-hoop. 

B-boofp. 

Tnterior  diameti^r. .-, -, 

Inches. 
18.6 

Inches, 
20.0 

Inches, 
88.2 

*i5wf 

Szterior  diameter! 

I«enBths rr. 

9.5 

0.5 

9.0 

0.0 

*As  nearly  as  the  sise  of  this  hoop  will  permit. 

f  As  little  snrplns  metal  as  praotfoable,  beyond  what  is  required  for  the  shrinkage  aad  flnisMng  est 
for  same,  shonld  be  left  on  exterior  diameter. 

*  See  printed :  ''General  Instructions  for  Assembling  and  Dismantnhg  an  Experi- 
mental Compound-Cylinder  8-inoh  B.  L.  Steel  Bifle  (Double  Hooped).'' 
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ThtTklnes  of  theshiiDkftgM  to  be  applied  are  ae  foUoirB: 


if- 

C«tlDg. 

A  hoop. 

Bhoop. 

Shrlnluj 

V 
M 

0.290  i    '.lass 
(L  ItW  ;    .  0O38 

k 
ll 

ii.mi 

II 

■| 

T!ttor.a<rt 

0.8™ 

(tnulmDm. 

O.OTH 

The  grooTes  for  meoaariog  the  interior  of  the  B  boop — see  Inolosed  liutraatloiu — 
*in  be  made  before  tbe  hoop  is  in  place. 

InmiLklDg  the  measnremeDta  on  tbis  compoood  cylinder  It  Is  very  desirable  toknoir 
*liM  chiDge  in  length  will  he  andergone  by  the  tube  and  easting  dae  to  the  oom- 
prcMioD  from  their  ext«rior  envelopes;  and,  therefore,  yon  will  meaanie  as  oarefollj 
u  pruticable  the  length  of  tnbe  and  coating  before  and  after  the  assemblage  of  tha 

CjllDdst. 

D18MANTUN0  THE  CTI4NDBR. 

The  A  and  B  hoops  will  be  oat  longitadiaall;  until  separation  takes  place.  After 
■be  hoops  are  removed  and  tbe  dinieDBions  of  the  reinaiDiDg  compound  cylinder  hava 
^a  meMared,  if  it  is  found  that  tbe  tube  practically  resnuies  \th  orislnat  dimensions 
Pnor  to  placing  the  boops,  the  tube  will  be  taken  out  of  the  casting  by  meaas  of  lon- 
ptudJDal  cnta,  so  as  to  leave  the  latter  intact  forexaminutton  and  nieasnremeat.  On 
^^e  otber  hand,  sboald  the  casting  show  a  more  perfect  restoration  than  the  tnbe, 
""D  (be  casting  will  be  removed  by  means  of  heat.    This  alternative  is  scarcely  (o 


(5,j]^.' diamantlin^j  the  cylindur  slices  will  be  taken  ofi' ^m  one  end  of  each,  andtb« 
*nwiBi°^  t««t  specimens  taken  ont  and  sent  to  the  commanding  officer  of  Waterlown 


priot?^  '^OseDtial  eiteusion  specimens,  6  incbes  long  between  shoulders  (see  blue 
*  hoop. 


n^g,.     -^useniiai  eiiension  specimens,  o  incnes  long  oeiween  snouioers  <,see  oiue 
'^eaeii^!^'^       "*  rc°iilBi<tB|  <>■>'>  f^m  rear  inside,  and  two  from  middle  of  thickness 


sileusi  '*'  ^  taken  from  same  end  as  the  ring  fonnerly  tested.     Two  tangential 

sibnit  or**    specimena  nait  the  bore,  as  long  between  ghoulders  as  the  material  will 
entnd^         Three  tangential  cotapresaioa  specimens,  12  inches  long,  one  inside,  one 
'  *Od  one  middle. 


n,!.  n,^  Mwiteiitial  ertensfon  specinens,  3  ini 

Th^'^*'  ""^  •'°*'  "'^^'e.  ifpracticable. 
...jfZ^  tangential  oomnreasion  specimens,  &  incbes  in  length,  one  inside,  oneontalde, 
"^^«mi3illo,ifpraciicable.     ^  '  "     '  "• 

jL**  r*dia1  compression  specimens,  as  long  as  practicable, 
tinn  f  '^i^ii't!'  fnmished  tbe  commanding  oEBcer,  Watertown  arsenal,  showing  poel- 
lli«  "    P^i""^"^  should  bave  indicated  on  them,  besides  the  marks  on  speoimens,  that 
'feoimena  are  taken  a/Ur  unbooping. 

Very  respectfully,  yonr  obedient  servant, 

8.  V.  BENfiT, 
Brig.  Ge»,  Chief  of  OrdnoMet. 
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Computaiunu  of  elastic  Birengih  of  experimenlal  cylinder  from  12-ffiofc  hreeoh-loading  rifle 

hooped  and  tubed, 

{Data  Aunlahed  by  the  OrdDanco  OiBoe  from  the  physical  tests  of  the  metal  made  before  hooping.) 


Tabe. 
(Whitworth  steel.) 

Cast  iron  body. 

Hoops  A*  and  B>. 
(liidyale  steel.) 

tf6=po2  21.6  tons..r 

Co =.00  16  inch 

tf  1  — B  tnnti 

^=^«|=22tons 

(,=c«=:.0017  inch 

&=B,e=12Ml.  tons.... 

ai  —  .00075  inch 

Eo  =  li388.  tons 

ni  =10  fjontt 

ei  s  .00126  inch 

El  — 8000  tons 

Computations, 

rvalues  of  P.] 

iCapt.  Charles  S.  Bmith.]    [Capt  D.  A.  Lyle  and  Lieut  H.  D.  Bomp.] 


Tont,  Tons, 

P,(»)=  8.7585.-.  Ps= 8. 7685 
P,(i)-,  7.7600 

P«(*)=  &0082.-.  Ps  =  7.7600 
Pi{>)  =  12. 221 

Pi(«)=12.15l    .-.Pi  =  12. 161 
Po(>)a21.615 
Pe(S)  =  20. 191    .  •.  Po  =  20. 191 


Tom. 

'.  Pg •=  a.  7687 


Tont. 
p8(i)=  8.7587 
P2(»)=  7.76049 
P»(«)=  8.9089 
Pi(>)  =  12.2214 
Pi(»)  =12. 150ft 
Po(»)  =  21.5159  + 
Po(»)  =20. 19111  + .  •.  Po=20. 19111 


•.P«=7.75049 
•.Pj  =  12Ll61 


[Values  of(P +!>.)] 


(Pi+l»i)<*>  =  11.704 

(P+P)P    cm  7.022      . 

ps  =  .  42006  X 

pi  ■-  —  6. 4o«i 

» 

(Pt+l>t)^*^  =  11.629 

(Ff\-ptf^*9.Sm   . 
(9. 2846)  f 
pt=— 1.2986 

(P«+J»»)*=12.9e6    . 

(P«+l»»)^  =  ».«744 
yt  a  — .  64627 


.  (Pi+l'i)=7.0226 

•.    Pj+j>i  =  6.6879 
Diff.  =  (-)  1.8346 

.   (Pt  +  l>t)=9.8246 

.     Pt+pi  as 6.4614 

Diir.  =  —  8. 8782 


P,  +  l»«: 

P«+Pt= 


9.6744 
8.2122 


Biff.  =6.4622 


(Pi+p)  ^^  =11.704 

(PH-1»'*  =  7.0224  + 
pt  =  0. 42064  XPt 
pt=zO  20090  X  pi 
pi  =  -6. 4645 


(Pf  +  P«) 


W 


11.626 


(Pt+pt)'*  =  9.2888 
pt«L2987 


.  (Pi  +  pi)  =7. 0224 

.     Pi +Pi«  6.6864 
Diff.  =(-)1.8860 

.  (Ps  +  Ps)  =  9.2838 
,  Pi  +  pt  =  6.46179 
Diff.  =  (--)2.88161 


(P«  +  pi)^*^  =  12.987  + 

(Pg+ps)'*  =  9.6748    .•.    (P»  +  p,) 
p,s  — 0.5466  P»  +  pt 


=  9.6748 
=  8.2131 


Diff.  =  (— )6.461T 


*  Clerical  inversion  probably  writing  9.82,  &o.,  instead  of  9.28,  Sec. 


BHBINKAGBS. 


[Values  of  ^.] 


[Capt.  Chas.  8.  Smith.] 

^i»  -.  000499+".  0007382=  +.  000288. 

p,8=  — 11.5082. 

tii= +.  00004777+.  061700  -  ".  0017477. 

0t«-— 4.80846. 

^=  —".  6000941+001700=  +.  0016069. 


[Capt.  D.  A.  Lyle  and  Lieut.  H.  D.  Bomp.] 

01=^".  000499916+".  000788088=  +".  090283168. 

p.=.ll.6048. 

<pv=  +.  000047681+".  0017=  +".  001747681+. 

p«^  —4. 2990-f-. 

^".  000090748+".  0017= +.  00160926T. 
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System  at  rest. 


ARi__ 
Ri 


-.  001215. 
—w  000452. 


[Values  of  ar] 
TANGENTIAL. 


System  in  action. 


-?-•=+.  0012479. 
Ro 

-^=+.600738. 


System  at  rest. 


^^=—.0012146. 
ARi 


AR 


-•=—.00045241. 


RADIAL. 


dARo_ 

d  Ro~ 
(JARi 

dR,  = 


-.  00150. 
-.00125. 


TANGENTIAL. 


System  in  aotion. 


^^=+.0012478. 

ARi 
-^=+.60078185+. 


d  AE«__. 

dRo 
dA  Ri 

dRi  — 


— .  0015108. 
-.0012498. 


ARi__ 
R« 


+.  0013765. 


^i- 


=  +.0014406. 


(EL)^?=  +.  00170. 

(BL)^L^ 
R>- 


:+.0017. 


^^s=  +.  0013750. 

A  R< 
-^^+.0014682. 


AR« 


'=.  +.  0017020. 


Rt 

Rs 

^  =  +.  001700. 


ASSEMBLAGE. 


First  stage  of  experiments. 

INSERTION  OF  8TBEL  TUBE  IN  CAST- IRON  BODY. 

Dimentions  "before  assembling. 


■ 

Tube. 

Casting. 

Ifeasorements. 

Prescribed. 

AotnaL 

Yariations. 

Prescribed. 

Actual. 

Variations. 

Allowed. 

Actual. 

• 

Allowed. 

jAotuaL 

Interior  diameter. . 
Exterior  diameter. 
Lengths 

Inchu. 
18.6 

*20.0046 

9.6 

Inehn. 
18.6006 

20.0058 

to.  496 

InchM, 

±.002 

J  +0. 000? 

\   -.002^ 

i:0.01 

Jnchu. 
+.0006 

+.0007 

-.004 

IncKsi, 
20.00 

89.8498 

:9.6 

Indui. 
19.9998 

89.8582 

:9.4998 

±.002 
§+.08 
db.Ol 

—.0007 
+.088» 
-.0002 

*Preaeribed  maximum,  20.0052 ;  prescribed  minimam«  20.0082;  desired,  20.0046. 

t  Interior  lengths. 

\  Exterior  lengths. 

§  Enough  metal  left  to  finish  in  subsequent  operations. 

BXPANDINO  CAST-IRON  BODY. 

A  gas-heater  was  ased  for  this  purpose  very  similar  to  the  one  here- 
tofore described,  and  figured  in  the  construction  rei>ort  upon  the  12inch 
M.  L.  K  mortar,  except  that  the  axis  of  the  heater  was  vertical  instead 
of  horizontal. 

This  heater  had  14  arms,  carrying  5  flaring  burners  each,  or  70  burn- 
ers in  all,  for  heating  the  exterior  of  the  cylinder,  and  had  11  sets  of  4 
burners  each,  or  44  burners,  on  the  spindle  for  heating  the  interior. 
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The  heater  was  arranged  bo  that  it  could  be  hoisted  up  and  removed 
from  the  cylinder  by  a  fall  and  tackle. 

The  cylioder  was  monnted  apou  an  iroD  riog  supported  by  a  cast-iron 
cylinder. 

The  position  of  the  cast-iron  body  in  hoisting  is  shown  in  the  annezed 
figure,  with  the  gas-heater  removed  and  the  tube  section  inserted.  The 
diagram  also  shows  the  arrangement  for  keeping  the  tube  cool  by  a 
cnrrent  of  water. 

The  beater  and  section  of  tube  with  cooling  apparatus  were  botli 
handled  by  blocks  aud  tackle  rolling  on  an  overhead  rail. 

/nserfton  of  lube  atolioH  in  coif-inm  bodg. 


iviag  aETUiff«nBiit  to 


id  poalUan  of  awVlron  bod;  far 


Cylinder — details  of  heating,  May  21,  1885. 


A. 


Om  lighted .■ 10 

Blast  on lu 

Blast  adjasted 10 

Miaimmn  wire  [len(;th  =  30.005  iDches]  entered  at  (looaety) 10 

Trial  wire  [length  =  20.042] 

Oas  heater  hoisted  for  Srst  trial  meaaurement 11 

Eat  buck 11 
oiated  fot  secood  trial  measurement II 

returned 11 

finally  removed 11 

Mulmnni  wire  [Iength=20.045]  (tight  fit  on  Noe.  1  and  3); 

Ko.  1 11 

Ho.  3 11 

Oasoat 11 

HeosnreDieD  ts  of  length  on  exterior  taken  by — 

kloonan  on  No.  1  diameter 11 

Lieiitenaut  Borup  od  No.  3  diameter 11 

Lientenant  Borup  on  No.  7  diameter II 

Captain  Lyle  on  No.  3 11 

Captain  Lyle  read  off  at 11 

Section  st«el  tube  in  place II 
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M^aswrewients  of  openings  between  tube  and  casting  on  •diameters  at  right  anglee  to  each 

other. 

On  Ko.  1  diameter :  Inches. 

At  No.  1 =.019  + 

AtNo.5 =.008  + 

Od  No.  3  diameter : 

At  No.  3 =.005  + 

At  No.  7 =.020  +  mazimom. 

Time, 

Hm  tn*    s, 

Tin^  at  end  of  these  measurements 11  52      0 

Section  of  tube  hot  between  Nos.  3  and  5 ' 11  59      0 

Brass  thitkness  gauge  =  .01  inch  loose  between  Nos.  1-8  12  55      0 

tight  between  Nos.  1-8 19      0 

Tube  and  casting  in  contact  at  No.  3 1  23      0 

Brass  thickness  gauges  =  .007  inch  between  Nos.  1-8 1  25      0 

.004  inch  tight  fit  between  Nos.  1-8 1  43      9 

.003  inch  ticht  fit  between  Nos.  1-8 1  52      0 

.002  inch  tight  fit  between  Nos.  1-8  and  all  around    2  5      0 

.002  inch  tight  fit  at  No.  1  (maximum  opening).    2  12      0 
Tube  and  casting  in  contact  all  around  (maximum  opening  one  place  =: 

.001  inch) 2  26      0 

Casting  cool 5  15  pm.' 

Gas  pressure inches..  .95 

Gas  consumed cubic  feet..  772 

RAum4, 

Time  of  heating 1  3    30 

Time  of  cooling 5  30      0 

Total  duration  of  experiment 6  33    30 

Time  from  insertion  of  tube  until  casting  closed  on  it 2  38    30 


Jjf.  Jiomp. 


Mr,  Nopnan: 


Capi.  Infle  &  lit.  B^rup. 
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EXPERIMENTAL  OYL.INDBR  FOR  12-INOH  HOOPED  AND  TUBfiD  B.  L.  B. 

Temperature  of  water  in  bore  of  eeotion  of  steel  tube. 

[Object :  Insertion  of  steel  tube  in  oast-iion  body ;  Date.  May,  21, 1885 ;  hydrant  temp.,  =  59°  F. ;  wster- 

rate  (gals  per  min.)  9.  J 


€                                                                                                                                                                                                       ^ 

From- 

— 

1 
To- 

Temper** 
tore. 

TiiHa AM^fi Afi  In  f>ofl1tJnn*iTi  CAiinnflr . ............••..•.••••••..•.•--• 

n%    ffi. 

«. 

K»   lift,  f . 
11    47    30 
11    47    85 

11    48      0 
11    51      0 
11    52      0 

11  58      0 
54 

55 
66 
57 
56 
60 

12  13 
12    14 
12    22 
12    28 
12    45 
12    46 

1  48      0 

2  07 
2    80 
8    15 
8    45 

4      0      0 

4  25      0 
6    15      0 

5  80 

t5    15  p.m. 

OJP. 

HiJ'dr&nt tenmor^fciirA .- .  «.«.••  .•.••••••.••••••••..••.  .••••• . 

"r'iii" 

Temperature  of  water  in  bore : 

'FemnAFAtnrA-'hvdnLnt- tfimikAratiire ...................  .... 

55 

11    48 

0 

55 
5&I 

57.5 

58 

58 

• 

8a5 

58.5 

5a5 

60 

StAllOnarV ...r.....w.....r....T..f.wi*t..-r-tT- 

11    69* 

0 

58 

1        56.75 

Both  inclasiye. . . . . ........TT.r.r*-*-^*- 

12    14 

0 

58.75 

5&5 

Both  tnclnsive. ,,.,-., 

12    28 

0 

5a5 

58 

Both  inclnsiTe ..r-,r r -- 

12.  46 

0 

58 

58 

57.5 

57 

56l5 

1 

56 

5&5 

56 

*56 

Bxnerimental ovlinder  oool............ t..,.,,,,,,,,,,,-,  . 

, 

*  Little  leas. 


t  May  21. 


B^unU, 

h. 

Tabe  section  in  position  in  canting 11 

Temperature  of  water  in  bore=hydrant  temperature 11 

Temperature  of  water  in  bore  began  increasing 11 

maximum  and  stationary 11 

began  decreasing 12 

= hydrant  temperature 5 

Cylinder  cool & 

Time  after  tube  in  place  before  temperature  of  water  in  bore  began  to  in- 
crease     0 

Time  temperature  increasing ^ 0 

Time  temperature,  maximum,  after  tube  in  position 0 

Time  temperature  stationary 0 

Time  temperature  decreasing 5 

Total  time  of  cooling 5 

Rate  of  flow  of  water  through  bore  (per  minute) gallons. . 

Total  water  used  in  cooling  (approximate) do.... 

Temperature  of  water  at  hydrant "Fah... 

Maximum  temperature  of  water  in  bore do.... 

Maximum  rise  of  temperature  in  bore do.... 


m. 
47 

30 

47 

35 

51 

0 

69 

0 

13 

0 

15 

0 

15 

a 

3 

30 

8 

0 

11 

30 

14 

0 

2 

0 

27 

30 

» 

2,947i 

4 

MEASUREMSNT8  FOR  EXPANSION. 


1. — Diametral. 
Grand  Means : 

Exterior  diameter  of  tube  cold 20.0054 

Interior  diameter  of  casting  cold 19.9996 

Minimum  wire  length 20.005 

Maximum  wire  leuf^h 20.045 

Maximum  expansion  diametrally 0.0454 

Relative  expansion  diametrally  referred  to  original  diameters  19.9^6= 
2.27  thousandths  per  1" 
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2. — Longitudinal, 

[All  measnTeinents  taken  on  exterior  elements.] 

Inches. 
Biftmeteor  No.  1 : 

At  No.  1.    May  14,  exterior  length  cold  [original  measurement]  (Lieu- 
tenant Borup) 9. 501 

May  21,  exterior  length  cold (Mr.  Noonan) . .  9. 503 

exterior  len^h  hot (Mr.  Noonan)..  9.5185 

Total  longitudinal  expansion 0. 0155 

Belatiye  expansion  longitudinally  [rerorred  to  original  length,  9.503],  1.06 

thonsandtna  per  1". 
Diameter  No.  3 : 

At  No.  3.    May  14,  original  measurement  cold (Lieutenant  Borup) . .  9. 501 

May  21,  exterior  length  cold (Lieutenant  Borup) . .  9. 505 

exterior  length  hot (Lieutenant  Borup) . .  9. 522 

Total  longitudinal  expansion 0215 

Belatiye  expansion  longitudinally  [referred  to  original  length,  9.5005],  2.26 
thonsandtna  per  1". 
At  No.  7.     Exterior  length,  original  measurement,  cold  (Lieutenant  Bo- 
rup)       9.501 

May  21.  Exterior  length  cold  (Lieutenant  Borup) 9. 5005 

Exterior  length  hot  (Lieutenant  Borup) 9. 521 

Total  longitudinal  expansion 0. 0205 

Relative  expansion  longitudinally  (referred  to  orig-    . 
inal  length  =  9.5005)  2. 15 -f  thousandths  per  1''. 
At  No.  3.     May  21.  Exterior  length  between  prick  punch  marks,  cold 

(Captain  Lyle) 8.9085 

May  21.    Exterior   length    between    prick    punch 

marks,  hot  (Captain  Lyle) 8.9190 

Total  longitudinal  expansion 0. 0105 

Relative  expansion  longitudinally  (referred  to  orig- 
inal length  =  8.9085)  1.18  thousandths  per  V 
(1.178+). 

Second  stage  of  experiment, — Application  of  hoop  Ax  to  cdstiron  body. 

Dimensions  before  assembling. 


Caat*iTon  cylinder. 

Hoop  Ax. 

HeMoze- 
ments. 

Prescribed. 

AotoftL 

Tariations. 

Prescribed. 

Actual. 

Yariations. 

Allowed. 

ActoaL 

Allowed. 

AotnaL 

iBteiiordi. 
aoieter... 

IncKm. 

Inehst. 

Inehet. 

Inehss. 

Inches, 
89.2 

46.0539 
9. 

Inches. 

39.2007 

46.0108 
&999 

±.002 

-.08 
±.01 

Inches, 

+.0007 

Xileiiurdl- 
smeter... 

L«i«ths... 

80.2898 
0l5 

88.2664 
9.5002 

C+.OOOJ 

{-.002  5 
db.Ol 

-%0089 
+.0002 

-.0371 
-.001 

Expanding  Hoop  Ax. 

The  gas  heater  employed  for  expaoding  the  cast-iron  body  was  nsed 
for  hoop  Ax  by  merely  adjasting  the  extensible  arms  carrying  the  bum- 
erSf  so  as  to  inclade  the  greater  diameter  of  cylinder. 

The  6xx>erimental  cylinder  was  mounted  horizontally,  as  shown  in  the 
accompanying  sketch,  which  shows  the  cylinder  with  hoop  Ax  in  posi- 
*tion  npon  it,  in  its  expanded  state.  Besides  simulating  the  actual  op- 
eration with  the  gun,  this  method  of  procedure  afforded  an  opportunity 
to  measure  the  maximum  opening  between  the  cylinder  and  hoop,  and 
to  observe  the  rate  of  contraction  of  the  hoop. 

Brass  thickness  gauges  were  used  to  measure  the  opening  between 
the  hoop  and  cylinder  at  the  lowest  point  until  the  hoop  closed  and 
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gripped  the  cylinder.  The  times  were  taken  at  which  the  opening 
reached  the  dimensions  of  the  several  ganges,  and  at  the  instant  the 
hoop  clamped  the  cylinder.  A  current  of  cold  water  was  kept  circnlat- 
ing  through  the  bore  of  the  tube  section  until  the  whole  system  was 
cold.  In  heating,  the  hoop  was  hung  with  one  of  its  diameters  vertical, 
the  same  position  to  be  observed  in  hooping  the  gun. 
See  diagram  opposite. 

DetaiU  of  heating  hoop  Ax,  h-  m-  >» 

Gaslighted 10  31  00 

Blast  turned  on 10  31  05 

Blast  adjusted 10  31  20 

Minimum  wire  [length  =  39''.265 = diameter  of  cast-iron  body]  entered  at.  10  59  20 

Trial  wire  [length  =  39"/i75]  entered  at 11  04  50 

Maximum  wire  [length  =  39".285]  entered  at 11  10  50 

Gas  turned  off  at 11  10  55 

Measurements  for  longitudinal  expansion  taken  between  llh.  10m.  55s.  and  11  11  30 

Began  sliding  hoop  on 11  11  30 

Hoop  in  position  at 11  12  30 

Brass  thickness  gauge  =  0'^0 17  entered  at 11  l.S  15 

=  ".01    enteredat 11  17  25 

=  ".005  entered  at 11  19  00 

=   ".004  entered  at 11  19  35 

=  ".003  entered  at 11  19  56 

=  ".002  did  not  enter  at 11  20  15 

=  ".001  did  not  enter  at 11  20  25 

Water  ring  over  entire  hoop  at 11  21  00 

Heat  perceptible  half  through  cast-iron  body 11  26  00 

Heat  barely  preceptible  to  touch  at  exterior  of  tube 11  37  00 

Tube  just  perceptibly  warm 11  49  00 

Hoop  cold  at 11  49  00 

Water  off  at 12  00  00 

Gas  consumed Not  taken. 

Color  of  hoop Light  brown. 

m.     860. 

Time  of  heating 39  50 

Time  of  cooling 38  10 

Total  duration  of  experiment 78  00 

Time  after  remoying  from  heater  until  hoop  clamped  experimental  cyl- 
inder   9  30 

Time  after  application  until  hoop  closed  on  cylinder 7  55 

BXPERIMENTAX.  CYLINDER  FOB  12-INCH  HOOPED  AND  TUBED  B.  L.  B. 

Temperature  of  water  in  lore  of  eeotion  of  steel  tube, 

[Object:  Application  of  hoop  Ax;  date,  May  29, 1885;  hydrant  temperatnre,  00^ F.;  water  rate  (galloni 

per  minnte)  =7.8.] 


Hoop  in  position  on  casting 

Hydrant  temperatare 

Teniperatare  of  water  in  bore: 

Temperatnre = hydrant  temperatare 

Temperature 

Both ,  inclusive 

Both,  inclnsive 

Both,  inclnsive 

Stationary  (both,  inolosive) 

Both,  incl  usive ^. 

Both ,  inclnsive 

Both,  inclusive 


Hoop,  cool 


From— 


»•    m.    t. 


11  13  00 

11  29  00 

11  82  00 

11  37  00 

11  40  00 

11  53  00 

12  00  00 
12  03  00 


To— 


A.  ffi>  tm 

11  12  80 

11  12  SO 

U  18  00 

11  28  00 

11  81  00 

11  38  00 

11  39  00 

11  52  00 
It  69  00 

12  02  00 
12  10  00 
12  15  00 
12  16  p.m. 


Tempera- 
tore. 


OF. 


00 

00 

00 

6a6 

61 

8L6 

«2 

0L6 

01 

00.6 

00 


T.T=8Mta>«. 
C.  C -CMl.l,on  body. 

A.A-=Bikj]i  AzKmDtBcnt  of  applioatloii.    Tba  hoopU  thovn  In  Ita  sipMided  slate,  nrnch  cii«- 
B^CiiTiijg  OQ  (oiuidry  floor. 

ft.  E-n Arbor  for  gupportlDff  cylludiir. 
r^sTtMt  up  fui  ■rbor. 

Face  p.  286 
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h. 

H€K>p  Ax  in  position  on  casting 11 

Temperature  of  water  in  bore  =  liydrant  temperature 11 

Temperature  of  water  in  bore  began  increasing 11 

Maximum  and  stationary 11 

Began  decreasing 11 

Hydrant  temperature 12 

Hoop  AjPy  cool 12 

Time  after  tube  in  place  before  temperature  of  water  in  bore  began  to  in- 
crease   

Time  temperature  increasing 

Time  temperature  maximum  (after  tube  in  position) 

Time  temperature  stationary 

Time  temperature  decreasing 

Total  time  of  cooling , 

Rate  of  flow  of  water  through  bore  (per  minute) gallons. . 

Total  water  used  in  cooling  (approximately) do.... 

Temperature  of  water'at  hydrant ^Fahr.. 

Maximum  temperature  in  bore do 

Maximum  rise  of  temperature  in  bore do ... . 


m. 

«. 

12 

30 

13 

00 

28 

00 

40 

00 

52 

00 

15 

00 

15 

00 

17 

12 

27 

30 

12 

19 

62 

30 

7.8 

460 

60 

62 

2 

Hoop  Ax. 

Limits  of  diametral  expansion. 


Interior  diameter  cold. 
Prescribed  limits: 
Maximum 

Actual..... 


Aliquot  part 
of  interior 
diameter. 


TkouHtndiht. 


8.6 
2.6 
2.16 


BesultlDR 
expansion. 


Ineh0t. 


.1872+ 
.0060+ 
.0848 


Resulting 

interior 

diameter. 


Ifiehes, 
89.2007 

88.3870 
89.208T 
80.2860 


Time  and  rate  of  expansion  and  contraction. 

1. — DIAMETRAL  EXPANSION. 

Interior  diameter  hoop  Ax  when  cold 39.2007 

h,    m.    §te. 

Gaa  lighted  and  blast  adjusted ' 10    31    20 

Minimum  wire  (length =39".  265)  entered  at 10    59    20 

Trial  wire  (length  =  39''.  275)  entered  at 11    04    60 

Max.  wire  (length  =39^'.  285)  entered  at 11    10    50 

Hence: 


Period  of  heating. 


First.. 
Beoood 
Third. 


Mean 


Time  of 
heating. 


MintUet. 
28 
6.6 
6 


Total  time  heating. 


88.5 


Total  diam- 
etral 
expansion. 


Inehet. 
.0648 
.01 
.01 


.0843 


Bate  of  ex- 
pansion per 
one  inch  per 
minute. 


Thousandths. 

Nearly  2. 8 

1.8  + 
1.06 


1.02 


2.18+ 
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2.— DIAMETRAL  CONTRACTION. 

K 

Hoop  removed  from  better  at 11 

Maximam opeDiDg=.02 inch  at.... 11 

Brass  thiokness  gauge  =.017  inch,  entered  at 11 

Interval  after  removing  from  heater  antU  first  measurement  taken 00 


10 

50 

10 

50 

15 

15 

4 

25 

of  cooling. 


First 

Second 

Third 

Foarth 

Fifth 

Sixth    

Seventh 

Mean    

Total  time  fh>m  entrance  of  gange-s".  017  thick  nntil  hoop  closed. 
Totaijtime  contracting 


Time  of 
cooling. 


m. 

4 


6 
8 
8 
9 
9 
9 


t. 
86 
35 
10 
46 
06 
26 
85 


Opening. 


JncftM. 
.017 
.01 
.006 
.004 
.008 
nearly.  002 


Interralof 
time. 


MinuUt, 


2.16 
L68 
0.68 
0.88 
0.88 


Total  diam- 
etral con- 
traction. 


Bate  of  COB- 

traction  per 

one  inch  per 

minnte. 


JimAm. 


.007 
.006 
.001 
.001 
.001-4- 


Hoop  had  dosed  on  cylinder. 


4.98 
6.16 
9.68 


.016 
.017 
.02 


8.2-f 

8.1 

1.7 

8.0 

8.0 

8.2  + 
8.2  + 
2. 


3.  Comparison. 

Expansion:                                                                                                                 h.  m.  s. 

Minimum  wire  =  39".265  entered ^ 10  59  80 

Maximum  wire  =  39".285  entered 11  10  50 

Time  required  to  expand  0".02 11  30 

Contraction : 

Maximum  opening  of  Hoop  Aje  on  cylinder  =  O^'.Ol? 11  15  15 

Hoop  Aa;  closed  on  cylinder II  80  25 

Time  required  to  contract  0".017 5  10 

Hence,  assuming  rate  of  contraction  to  be  constant,  the  time  required 

to  contract  0".02 6  42 

Bff  measurement. 

Expansion :  Thonaandtha  per  1" 

Taking  the  relative  expansions,  we  have  for  the—  per  minnteT 

First  period  of  heating,  relative  expansion 2.3  nearly. 

Second  period  of  heating,  relative  expansion 1.8 

Third  period  of  heating,  relative  expansion , 1.66-f 

Mean  relative  expansion 1.92 

And  taking — 

Total  time  of  heating,  then  relative  expansion 2. 13-f 

Contraetion : 

Mean  relative  contraction  for  0'\017  opening 3. 9 

Mean  relative  contraction  for  total  time  of  contraction 2. 06 

4.  Longitudinal  expansion.  ' 


Obserrer. 

Diameter. 

Length  of  Adk 

Instroment  used. 

6 

1 
8 

8 

i 

After 

heating. 

H 

Vernier  beam  calipers  (Navy) . 

Temier  beam  calipers  (Ord- 
nance). 

TlAA.fn  nnmnaAfKM  .............. 

Ccadr.  Lyon 

Mr.  Noonan  and  Lien- 
tenant  Bomp. 
CantaiD  Lvle 

5  "1" 

ttPro 
"8" 

9.0006 
bably 
8.9M6 

9.066 

9.0886 
9.0186 
9.019 

9.08 

Inekm. 
a028 
0.018 
0.0196 

0.16 

&U+ 
Snettlj. 

3110+ 

1.86+ 

^Referred  to  original  lengths  (cold). 

IComdr.  Lyon  evidently  called  off  the  wrong  hundredth  of  an  inch,  making  It  0.028  Instead  of  0.018. 
B.^  says  that  he  belieres  he  did  make  this  error,  bat  gives  both. 
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Third  stage  of  experiment — Application  of  Hoop  Bx  to  eaperimental  cylinder. 

Dimensions  h^ore  assembling. 


Hoop  Ax. 

HoopB«. 

HeMoivmenta. 

Pre- 

soilbed. 

Actual. 

Variatioiia. 

Pre- 

scribed. 

Actual. 

YariaUons. 

Allowed. 

Actaal. 

Allowed. 

ActaaL 

Interior  diameter ...... 

Inches. 

Indhss, 

Inchss. 

Inches. 

+.0028 
-.004 

Inehss. 
4&0 

63.7 

9.0 

Inches. 
45.9 

63.6068 

9.0 

Inches. 
±.002 

±.002 

+.01 

Inches, 
0 

Exterior  diameter 

Lencths 

C   Mean.  ) 

\   46.9739  3 

9.0 

45.9767 
8.996 

C+.OOOJ 

{-.0025 

±.01 

-.0087 
0 

EXPANDINa  HOOP  BX  BEFORE  APPLICATION. 

This  hoop  was  expanded  in  the  same  gas-heater  as  Hoop  Ax^  bat  on 
aceoant  of  the  larger  diameter  the  circuinfereDtial  burners  were  farther 
apart  and  the  heating  was  slower.  Both  hoops  were  held  in  a  loop- 
sling  similar  to  the  one  nsed  for  the  hoops  put  on  the  12-inch  M.  L.  B. 
mortar.  This  hoop  attained  a  higher  temperatnre  than  Hoop  Ax^  but 
neither  was  hot  enough  to  exceed  a  "brown''  color. 

Details  of  heating  {Hoop  Bx)^Date  June  10,  1685. 

h.  m.     fu 

Gwligbted 9  31    10 

Blast  turned  on .' 9  31    20 

Blast  a^asted 9  31    30 

Minimnm  wire  (length  =  45.977  =  diameter  of  exterior  of  hoop  Air)  en- 
tered   10  22    30 

Trial  wire  (length  =  45.987)  entered 10  30      0 

Maximam  wire  (length  =  45.997)  entered: 

Horisontal 10  35    30 

Vertical 10  38    15 

Gastumedoff 10  38    25 

Measarements  for  longitudinal  expansion  taken  between  10**  38™  20"  and ...  10  39    30 

Began  sliding  hoop  on Lost. 

Hoop  in  poMtion 10  40    20 

Brass  thickneee  gauge  =  ".03   entered  (tight) 10  42    30 

=    .02    entered  (tight) 10  44    30 

=   .015  entered  (tight) 10  45    45 

=   .01    entered 10  46    50 

=   .005  entered .^ 10  47    50 

=   .002  would  not  enter 10  48    30 

Water  ring  over  entire  hoop 10  50      0 

Could  not  bear  band  uu  Hoop  Ax  (beat  bad  also  extended  radially  2  inches 

from  exterior  of  casting; 10  51      0 

Heat  barely  perceptible  at  middle  of  casting 10  57    30 

Heat  barely  perceptible  at  two- thirds  thickness  from  exterior  of  casting..  11  01      0 

Hoop  Bx  cold  on  exterior,  beat  barely  perceptible  on  int^  rior,  and  Ax  waim .  11  22      0 

Casting  warm  except  near  tube,  beat  in  Aac  barely  perceptible 11  23      0 

HoopBzcold   11  23      0 

Wateroff 11  45      0 

Gas  pressure,  difference  in  columns : 

While  burning inches..  1.1 

After  turned  ofi do 1.8 

Gas  consumed cubic  feet..  1017 

Hydrant  temperature  of  water degrees..  62 

Kate  of  water  per  minute gallons..  9 

Maximum  rise  of  temperature  in  bore degrees..  1^ 

Color  of  hoop Brown, 

4625  ORD 19 
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h.     m.  t. 

TimeoffaeatiDg 66  45 

Time  of  cooling - 44  45 

Total  dnration  of  experiment  from  lightini;  gas  nntil  water  tamed  off  Hoop 

Bx 2    13  50 

Time  after  removing  from  heater  nntil  hoop  olamped  experimental  cylinder .  10  45 

Time  after  application  nntil  hoop  closed  on  cylinder 8  40 

Temperature  ofwaUr  in  iKure  of  Molton  of  eteel  tube. 

Object :  Application  of  Hoop  B«.    Date :  June  10, 1885.    Hydrant  temperatiire=fi2o.    Water  rate  (gal* 

Ions  per  minnte):  9. 


Hoop  in  podtion  on  Hoop  As 

Hydrant  temperature 

Temperatare  of  water  in  bore : 

Temperatures  hydrant  temperature. 
TemiM»ratnre  (both  indasive) 

(both  inolusire) 

(both  Inclnsive) 

(both  inolnsive) 

(both  indusiye) 

(both  indnsiye) 


Hoop  cool 


From— 


A«    M.     f. 


10 
11 
11 
11 
11 
11 


41 
0 
04 
16 
81 
44 


0 
0 
0 


To— 


A.  m.    f. 

10  40    20 

10  40 

10  41 

10  60      0 

11  03 
11  14 
11  80 
11  48 
11  61 
11  52 
11  28 


Tempera* 
tare. 


D0gre99F. 


82 


88.5 

68 

63L5 

88 

82.5 


B49Um^. 

h. 

Hoop  Bx  in  position  on  cylinder 10 

Temperature  of  water  in  bore :=  hydrant  temperature 10 

Temperature  of  water  in  bore,  began  increasing 11 

maximum  and  stationary 11 

besan  decreasing 11 

ac=  hydrant  temperature 11 

Hoop  Bxoool 11 

Time  after  hoop  in  place  before  temperature  of  water  in  bore  began  to 

increase 0 

Time  temperature  increasing 0 

Time  temperature,  maximum  (after  hoop  in  position) 0 

Time  temperature,  maximum  and  stationary 0 

Time  temperature,  decreasing 0 

Total  time  of  cooling : 

hoop 1 0 

cylinder 0 

Rate  of  flow  of  water  through  bore gallons  per  minute..  9 

Total  water  used  in  cooling  (approximate) gallons..  648 

Temperature  of  water  at  hydrant degrees  Fahrenheit. .  62 

Maximum  temperature  in  bore do....  63. 

Maximum  rise  of  temperature  in  bore do 1. 


40  20 

41  0 

•  «  •  • 

15  0 

31  .. 

52  .. 

23  .. 

19  40 

15  0 

34  40 

15  .. 


42    40 
71    40 


5 
5 


Limite  of  diatnetral  eaqmneian. 


Interior  diameter,  cold 
Prescribed  limita : 

Maximnm 

Minimum 

Aotoal  limits 


AUquot  part 
of  interior 
diameter. 


Thouaandtht. 


8.6 
2.6 
2.1182 


Kesulting     SSS^KS; 
expansioS.   ^^^or^^ 


Inche». 


0.16085 
0. 11475 
0.097 


45.9 

4&  08065 
48. 014T5 
45i.987 
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Time  and  rate  of  expansion  and  contraction. 

1. — DIAMETRAL  EXPANSION. 

Interior  diameter  hoop  Bx  when  oold inches.. 

h,  tn. 

Gas  lighted  and  blast  adjusted 9  31 

Minimum  wire  (length  =  45.977)  entered  at 10  22 

Trial  wire  (length  =  45.9ri7)  entered  at 10  30 

Maximum  wire  (length  =  45.997)  entered: 

Horizontally  at 10  35 

Vertically  at 10  38 

Hence : 


45.9 

eeo, 

30 

30 

0 

30 
15 


Period  of  heating. 


]Pint 

Second 

!  horizontal 
yertical 
mean 

First  and  second 

C  horlsoDtal 
Second  and  third  <  vertical  . . 

(mean 

Total  time  of  heating 


.C§ 

Bate  of  ex- 

Time of 

Total 
diamet 
expansl 

pansion  per 

heating. 

1  loch  per 

minnte. 

Minutet. 

Jn^us. 

Thoutandtht, 

51 

.077 

1.50+ 

7.5 

.01 

1.83+ 

5.500 

.01 

1.81 

8.250 

.01 

1.21 

6.875 

.01 

1.45+ 

58.5 

.087 

1.487  + 

13.000 

.02 

1.63 

15.750 

.02 

1.26+ 

14.375 

.OS 

1.30+ 

8&75 

.007 

1.45+ 

2.— DIAMETRAL  CONTRACTION. 

h,  m.  $eo. 

Gas  turned  off 10  38  25 

Thickness  gauge  =.03  inch,  tight  fit 10  42  30 

Interval  after  gas  off  until  measure  taken 4  05 


Period  of  cooling. 

Time 

of 

cooling. 

Opening. 

Interval 
of  time. 

Total  dia- 
metral con- 
traction. 

Bate  of  con- 
traction per 
1  inch  per 
minute. 

m.  IM. 
4     05 

6  05 

7  20 

8  85 
0     25 

.08 

.02 

.015 

.01 

.005 

MinutM. 

Indui. 

Thoutandtht. 

2 

L26 

LOS 

1 

.01 
.005 
.005 
.006 

5 

4 

4.6+ 

5^ 

Hean 

4.65 

Total 

5.88 

.025 

4.60+ 

3.— COMPARISON. 

By  times. 

Expansion:  h.  m.    $eo. 

Minimum  wire  ==45.977  entered  at 10  22    30 

Maximum  wire  =45.997  entered  at 10  35    30 

Time  required  to  expand  .02  inch 13 

Contraction : 

Maximum  opening  of  hoop  Bx  on  hoop  Ax  =  .02  inch  at 10  44    30 

Hoop  Bx  closed  on  Ax  at '10  48    20t 

Time  required  to  contract  .02  inch 4 

*  Tried  to  insert  .002-inch  gauge  but  failed ;  and  hoop  had  closed  so  that  the  .001-inch 
gauge  would  not  enter  before  observers  could  change  and  apply  gauges ;  hoop  closed 
probably  about  10.49  a.  m. 
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Hence,  according  to  the  intervals  of  time,  the  rate  of  contractton  is 
aboat  three  times  as  great  as  the  rate  of  expansion. 

By  meaawetMni. 

Expansion : 

Thonsaodths  per  1  inch  per  minateL 

Taking  the  relative  expansion,  we  have  for  the  first 

period  of  heating  relative  expansion =1.5+ 

Second  period  of  heating,  relative  expansion  of 1.  S3-f 

Third  period  of  heating  (mean ),  relative  expansion 1. 45-f 

Mean  relative  expansion 1.436-f- 

And  taking,  total  time  of  heating,  then  relative  ex- 
pansion  =1.45<H- 

Contraction : 

Mean  relative  contraotion =4.69 

Hence,  according  to  the  measurements,  the  rate  of  contraction  is  a  little  greater 
than  three  times  the  rate  of  expansion. 

4.— LONGITUDINAL  EXPANSION. 


IiiBtmment  used. 


Obserrer. 


Captain  Lyle 

Commander  Lyim 


Mr.Noonan. 


Beam  oompMses 

Yernier    beam    oalipera 

(Navy). 
Yernier    beam    calipers 

(SoDthBostoB  Iron 

works). 
Yernier    beam    calipers 

(Ordnance). 
Mean  of  all  four  observations 

Mean  of  last  three ■ 

Mean  of  two  observations  on  diameter  2  (st  "  2  "  and  "  6  ") 
Mean  of  two  observations  on  diameter  4  (at  "  4  ") 


Lieutenant    Bomp 
and  Mr.  Casey. 


Diameter. 


No. 


2 

4 


2 


At. 


II  2  '* 
It  J  ti 


it  A  » 


<•«  •> 


Length  of  hoop  B«. 


C;old. 
(b) 


Inehet. 
8.995 
9.000 

9.000 


9.000 


After 

heating. 

(a) 


JnehM. 
9.02 
9.018 

9.015 


9.017 


Total  ex- 
pansion. 
(*-b) 


Inchsa. 
.026 
.018 

.016 


.017 


*Belattve  ex- 
pansion or  I 

ezpansioDper 
linear  inek. 


ThoumtidAi, 

2.77+ 
2.00 

LM-1 


L88+ 

2.07 
1.846+ 
2.32 
1.83 


*  Referred  to  original  lengths  (oold). 


DISMANTLING. 

Fourth  stage  of  experiment :  Removing  hoop  Bxfrom  experimental  cylinder^ 

The  cylinder  was  placed  on  edge  npon  the  planer  and  a  slot  0.5^'  wide 
was  cut  lengthwise  of  the  hoop,  beginning  on  the  exterior,  until  the  un- 
cut metal  was  reduced  to  about  0.3'^  in  thickness,  when  rupture  took 
place  with  a  report  closely  resembling  a  pistol-shot.  The  slot  was  made 
on  diameter  No.  1,  at  the  end  marked  "1^.  One  of  the  "scored" 
diameters  was  selected,  in  order  to  get  a  point  where  the  interior  length 
was  known  from  previous  measurements,  for  use  in  determining  the  con* 
traction  of  the  web  or  fin  of  uncut  metal  after  rupture.  This  method 
of  procedure  has  this  disadvantage,  i.  e,y  that  the  interior  and  exterior 
diameter  at  this  point  measured  after  unhooping  are  somewhat  distorted, 
due  to  the  contraction  of  the  uncut  metal,  and  are  not  directly  compa- 
rable with  those  previously  taken  at  the  same  place. 

It  would  probably  be  better  to  determine  and  mark  in  advance  a  point, 
say,  half-way  between  diameters  1  and  2,  and  measure  the  interior  length 
at  that  place  for  use  as  above  stated.  This  would  enable  all  measures 
of  interior  and  exterior  diameters  to  be  taken  after  rupture  for  direct 
comparison  with  those  previously  obtained. 
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A  12"  Browu  and  Sharpe  scale  was  used  for  roeasaring  the  depth  of 
the  slot.  The  width  of  the  slot  was  measared  from  time  to  time  by  a 
taper-gauge,  reading  directly  to  .005",  with  about  0.1"  between  the  gra- 
duating divisions,  so  that  the  widths  could  ea<sily  be  estimated  to  within 
±.002  of  their  actual  dimensions. 

The  widths  of  slot  were  measured  at  each  end  of  the  cylinder,  those 
marked  as  taken  ^<at  A"  being  taken  on  the  ^^face"  in  all  cases,  and 
those  "at  B"  were  taken  at  the  opposite  end  of  the  slot. 

The  measurements  in  column  marked  "top"  were  taken  on  the  exterior 
and  at  the  same  point  throughout.  Those  in  column  marked  "  middle" 
were  taken  half-way  between  the  exterior  and  the  bottom  of  the  cut,  and 
of  course  chnuged  with  the  depth  of  cut.  The  column  marked  "bottom" 
contains  the  readings  taken  at  the  bottom  of  the  cuts  whose  depths  are 
given  in  the  first  column.  These  measurements  were  taken  to  observe 
the  form  a^^nmed  by  the  cut  under  the  hoop-stress  as  the  slotting  pro- 
ceeded. 

Meaauremenia  oficidth  of  slot  in  cutting  off  hoop  Bx.* 


Depth  of  slot. 

Width  of  Blot- 

At  A 

At  B. 

Top. 

Bottom. 

Top. 

Bottom. 

0.217 

Inehea. 
.405 
.4075 
.501 
.503 
.607 
.545 
.580 

.670  (scant) 
.767 

Inches. 

Inches. 
.407 
.500 
.501 
.501 
.505 
.545 
.580 
.660 
.766 

Inches, 

0.6 

0.8  (8C«Qt)t 

.4075 

.405 

.406 

.408 

.400 

.503 

.506 

.503 

.502 

.400 

.502 

.504       S 

.503 

.608 

L5 

2.5 

a.0 

3.5 

3. 58  after  raptore 

*  Measared  from  exterior  of  Bo;. 

t  Edge  of  tool  broken  off;  tool  frronnd  to  width  of  .  5"  as  nearly  as  pravticable,  and  used  until  end 
of  experiment.    From  this  time  oQ  was  nsed  freely  to  keep  the  tool  from  losing  its  temper  by  heating. 

Miscellaneous  measurements  (Bx). 

Width  of  slot  after  rapture  (hoop  removed) : 

At  top inches..       .665 

At  middle do ()5 

At  bottom - ..-..do 514 

Width  of  seam,  or  line  of  raptnre  hoop  in  place  =  ^" do 0625 

Exterior  diameter  Bx,  original do 53.6963 

Interior  diameter  Bx,  original do 45.9 

Difference do 7.7963 

Half  difference  =  thickness  of  Bx  (original) do 3.896 

Depth  of  slot do 3.58 

Difference  =  thickness  metal  nncn t  before  rapture do 316 

Measared  thickness  of  metal  uncut  after  rupture  : 

At  A do 2965 

AtB do 311 

Mean  thickness  metal  nncnt  after  rupture  = do 304 

Contraction  of  thickness  at  line  of  rapture  =  (.  316"—.  304")  = do 012 

Contraction  of  thickness per  cent . .     3. 7+ 

Original  length inches..     9. 

Length  after  ruptnre do 8.883 

Contraction  of  length ^ do 117 

Contraction  of  length per  cent..     1.3 

Area  of  section  before  rupture square  inches..     2.844 

Area  of  section  after  ruptore do 2.700+ 

Contraction  of  area per  cent..     5.-|- 
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Fifth  stage  of  experiment :  Removing  hoop  Ax  fi^om  the  cast-iron  body. 

This  hoop  was  removed  in  the  same  manner  as  hoop  Brr.  The  report 
when  the  ancut  metal  broke  was  sharp,  but  not  quite  so  loud  as  that 
accompanying  the  rupture  of  hoop  Bo?. 

Measurements  of  width  of  slot  in  cutting  off  hoop  Ax, 


Depth  of  slot. 
Diamet«rNo.  "l"on"l." 

W  idth  of  slotr- 

• 

At  A. 

AtB. 

Top. 

Kiddle. 

Bottom. 

Top. 

Middle.  Bottom. 

1 

.2  inoli 

Inches. 
.492 
.497 
.506 
.558 
.622 
.711 

Inches, 

Inches. 

Inches. 
.495 
.601 
.508 
.556 
.624 
.707 

Inches. 

Inches. 

linch  

1      .493 

!       .493 

493 

495 

1.5  inches 

2.5  inches 

.643 
.603 
.698 

.496 
.501 
.678 

.642 
.605 
.684 

.497 
.498 
.573 

3.0  inches 

3.1  inches,  hoop  ruptnred. 

Miscellaneous  measurements  (Ax.) 

Width  of  slot  after  rupture,  hoop  removed : 

At  top inches. 

At  middle do . . . 

At  bottom do... 

Width  of  seam,  or  lino  of  rupture,  hoop  in  place  (•fa") 

Exterior  diameter  of  Ax,  original 

Interior  diameter  of  Ax,  original 

DiflferenCfe 

Half  diflference= thickness  of  A»,  original 

Depth  of  slot 

Dinerence  =  thickness  metal  uncut  before  rupture 

Measured  thickness  of  metal  uncut  after  rupture: 

At  A 

AtB 

Mean  thickness  metal  uncut  after  rupture 

Contraction  of  thickness  at  line  of  rupture  =  (.  308"  —  .2385")= 

Contraction  of  thickness ...per  cent. 

Original  length '. inches. 

Length  after  rupture do... 

Contraction  of  length do... 

Contraction  of  length per  cent . 

Area  of  section  before  rupture square  inches. 

Area  of  section  after  rupture do... 

Contraction  of  area do... 

Contraction  of  area per  cent. 


.628 
.620 
.500 
.05 
46. 0168 
39.2007 
6. 8161 
3.40805-f 
3.1 
.308 

.246 

.231 

.23S5 

.0695 
22.56 
9. 
8.902 

.098 
1.08 
2.772 
2. 118+ 
0.654 
23.5+ 


Sixth  stage  of  experiment :  Removing  cast-iron  body  from  steel  tube. 

The  cast-iroD  body  was  cut  off  iu  tlie  same  manner  as  hoops  B  and 
A,  in  accordance  with  telegraphic  instructions  from  the  Chief  of  Ord- 
nance, U.  8.  A.  The  uncut  metal  on  the  interior  broke  with  a  very  faint 
but  audible  report.  The  opening  of  the  seam  or  line  of  rupture  was  too 
slight  to  be  measured. 
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MeasuremenU  of  width  of$loiin  cutting  ojf  cast-iron  oylinder. 

[Width  of  tool  =       ] 


Depth  of  Blot  on  diam. 
No.lon"l." 

Width  of  Slot. 

At  A. 

AtB. 

Top. 

Middle. 

Bottom. 

Top. 

Middle.  Bottom. 

.25  inch 

InehM. 
.407 
.490 
.501 
.502 
.609 
.523 

Jnehst, 

Inchst, 

Ineheg. 

.487 
.495 
.497 
.408 
.507 
.618 

Inehet. 

Indu., 

2  inches  Bcant 

4  inches 

.487 
.494 
.495 

.500  scant 
.612 

.492 
.492 
.491 
.492 
.602 

.485 
.404 
.495 
.497 
.600 

.495 
.493 
.408 
.408 
.608 

6  inches 

9  inches 

9. 35  inches  rnptored. . 

Very  light  report. 


Mioellaneous  meaaurmnenta  (caat'iron  cylinder). 

Width  of  slot  after  Taptnre,  cylinder  removed : 
At  A: 

At  top inches..  .511 

At  middle do....  .605 

At  bottom do.--.  .497 

AtB: 

At  top inches..  .506 

At  middle do...  .503 

At  bottom do...  .496 

Width  of  seam  or  line  of  rupture,  cylinder  in  place (too  minute  to  measure) 

Exterior  diameter  of  cast-iron  cylinder,  original 39. 2635 

Interior  diameter  of  cast-iron  cylinder,  original 20. 0031 

Difference 19.2604 

4- differencesthiokness  of  cylinder,  original 9.6302 

Depth  of  slot : 

AtB 9.4* 

At  A i 9.35* 

Differencessthickness  of  metal  uncut  before  rupture : 

AtB 2302 

At  A 2802 

Mean  thickness  ofmetal  uncut  before  rupture .2552 

Measured  thickness  of  metal  uncut  after  rupture: 

At  A 256 

AtB 242 

Mean  thickness  ofmetal  uncut  after  rupture .249 

Contraction  of  thickness  at  line  of  rupture  (".2552— ".249) .  0062 

Contraction  of  thickness per  cent..  2.429 

Original  length 9.4982 

Length  after  rupture inside. .  9. 496 

Contraction  of  length .0022 

Contraction  of  length per  cent..  .02 

Area  of  section  before  rupture square  inches..  2.4239 

Area  of  section  after  rui)ture ...do.-..  2.3645 

Contraction  of  area do .0594 

Contraction  of  area percent..  2.45 

"Approximate. 
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BEOAPITULATION. 


Ahaolute  and  relative  expansions. 


[The  relative  expftnslons  are  expressed  in  thousandths  per  linear  inch  of  the  original  dimeDsions 
before  heating.] 


Total  time  of  heating 

Time  of  cooling 

Time  after  application  until  closed 

Original  interior  diameter inches.. 

Dilmietral  expansion : 

Maximum inches . . 

Relative  thousandths  per  1  inch 

Longitudinal  expansion : 

L^ufJlv.  {  «'•  Noon«.  (.t  "X")  {  Sr  i^UniL 

Total       )  Lt  Oomd'r  Lyon  C  inches 

Relative  S         (at  "1")         \  thous.  per  1  inch  . . . 

2?Sav«  lc»Pt.I.yl.(af3")  { {J^r  peritach::: 

Total       ?  Lt  Bomp  and  Mr.  Cinches 

Relative  >     Casey  (at  "8")     \  thons.  per  1  iuch  . . 

Total       )  Lt.  Borup  and  Mr.  (  inches  

Relative  j     Casey  (at  "7")     \  thons.  per  1  Inch  . . 


Casting. 


1^    8-  30" 
5*  30- 
2«'  88»  so- 
lo. 9993 

.0454 
2.27 

.0155 
1.06 


.0105 
1.18 

.0215 
2.20 

.0205 
2.15 


Hoop  Ax. 


50- 
88-    10- 
7-    55- 
39. 2007 

.0843 
2.154+ 


.018 

2. 0  oearly 
at 'T'.  015 
1.65+ 

.0195 
2.16+ 


HoopBs. 


1^    «-    45» 
44-    45* 

8-    40* 
45.9 

.      .087 
2.113+ 

.015 
1.66+ 

.018 
2. 

.025 
2.77+ 

.017 
L88+ 


Belative  diametral  expansion  and  contraction  per  linear  inch  per  minute  for  the  iMt  .02  inch 

of  ahsolute  expansion. 


Expansion : 

Mean  (of  periods) thousandths  perl  inch  per  minute. 

Using  total  time  of  heating do 

Contraction : 

Mean  (of  periods) thousandths  per  1  inch  -per  minute. 

Using  total  time  of  contracting do 

Time  required  to  expand  last  .02  inch 

Time  required  to  contract  same .  02  inch 


HoopBa;. 


TEST  SPECIMENS. 


[Diagrams  appended.] 


These  were  taken  from  the  hoops,  cast-iron  body,  and  tube  section, 
after  unhooping.  The  specimens  were  either  rough,  planed,  or  turned, 
and  were  sent  to  Watertowu  Arsenal  to  be  finished  and  tested. 

(1)  Hoop  Bx  (Midvale  Steel). 
Four  (4)  tangential  specimens.    Length  9  by  1.2  inches  square. 


(*  p  » 


B.' 


No.  1,  outside. 
No.  2,  inside. 
Nos.  3  and  4,  middle. 
See  (diagram  B.) 


J^"Jl.  &  T, 

Marks. 

B 

N98.i^a,s  ec4.. 
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(2)  Hoop  Ax  (Midyale  Steel). 
^r  tangential  tension  specimens.    Length  9  by  1.2  inches  square. 


A. 


^0. 1,  outside. 

Ifo.  2,  inside. 

Sob.  3  and  4,  middle. 

(See  diagram  A.) 


JL 


(3)  Oast-ibon  Body. 
fm  tangential  tension  specimens.    Length  31  by  1.2  inches  diameter. 

Soft.  1  and  2,  both  inside. 

Ikm  tangential  compression  specimens.    Length  12  by  1.2  inches  diameter. 


No.  3,  outside. 
No.  4,  middle. 
No.  5,  inside. 


2W  radial  compression  specimens.    Length  9.6  by  1.2  inches  diameter. 

No8, 6  and  7,  opposite  sides  of  center. 

^^ee  tangential  tenacity  specimens.    Length  4.1  by  1.25  inches  square. 


^0. 8,  inside. 
Jo- »,  middle. 
j;o- 10,  outside, 
(oee  diagram  O.) 


J^"^.  ft  T. 


Vo».  6,9  a  20. 


^^ee  (3)  iig]^  yj^  hardness  and  density^  6  tnc^e*  fty  1.5  inches  diameter 


Marks: 


_x?*^  disks  were  taken  on  a  radius,  one  inside,  one  outside,  and  the 
oiner  fro^  ^he  middle  of  the  ring. 

•■^^^^y  Were  sent  to  Sandy  Hook  lor  test. 
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The  disks  were  sabjected  to  a  pressure  of  10,000  poands  in  the  test- 
ing-machiDe  at  Sandy  Hook,  with  the  following  results,  as  commoni- 
cated  by  Capt.  C.  W.  Whipple,  Urd.  Dept.,  U.  8.  A.,  viz : 


specimen  marked. 

Length  of 
cut. 

Hardness. 

INT 

Inehet, 
0.626 
0.610 
0.625 

18.66 
14.60 
18.66 

, 

CBN 

OUT 

The  specific  gravity  of  the  specimens  was  not  given. 

(4)  Tube  (Whitworth  Steel). 
Three  ta/mgential  tension  specimem.   Length  6  hy  1.2  inches  square. 

No.  3,  middle,  from  opposite  side  of  ring. 
Three  tangential  compression  specimens.    Length  5  by  1.2  inches  square. 

ll  5',  SSdef'  !  fr^""  «»•»«  «^«  «^  ««°*«'- 
No.  6,  middle,  from  opposite  side  of  ring. 

Two  radial  compression  specimens.    Length  3.2  ly  1.2  inches  squares. 


No'  s'  I  ^^^^  opposite  sides  of  center. 


Marks: 

(See  diagram  T.) 


T 

2Vbs.  7,2fJ,4 
S,  6,7,AS 
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Diagram  B. 

[BhowiDg  poBition  of  Bpeoimens.! 


>  ->i 


Hoop  B  CMidvaub  Stbkl). 
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DlAGBAM  A. 

[Showing  position  of  specimens.] 


Hoop  A  (Midvalb  Stixl). 
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DiAOBAM  0. 

[Showing  poBition  of  specimenB.] 


CAflT-IBOM  BODT. 


DlAGBAM  T. 

[Showing  position  of  specimens.  ] 


Tube  (Whitwobth  Stbbl). 
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REMARKS  ON  HEATING  THE  HOOPS. 

It  will  be  noted  that  66™  45"  were  required  to  expand  Bxj  while  only 
39°^  50*  were  required  to  expand  hoop  Aa;,  though  the  relative  expansion 
of  the  former  was  less  in  the  proportion  of  2.113  +  to  2.154. 

The  absolute  expansion,  however,  of  Bx  was  .0127  inch  greater  than 
that  of  Ax. 

The  difference  in  expansion  does  not  account  for  the  difference  in 
time  required  for  heating,  nor  will  the  difference  in  volume  of  metal  to 
be  heated  account  for  it. 

This  discrepancy  may  be  accounted  for  by  noting  that  the  same 
heater  was  used,  and,  in  consequence  of  the  greater  circumferenti^  dis- 
tance between  the  burners,  due  to  the  longer  radii  of  the  arms  required 
for  Bo?,  the  heating  would  not  be  so  rapid  as  in  the  case  of  Ax. 

Slight  variations  in  gas  pressure  would  also  affect  the  time  required 
for  heating.  The  temperature  of  Bar,  as  shown  by  the  color  test,  was 
slightly  greater  than  that  of  the  inner  hoop. 

The  best  method  of  heating  the  hoops  would  undoubtedly  be  to  place 
them  centrally  on  a  spider  in  a  horizontal  position  and  allow  hot  air  to 
enter  the  heater  axially,  strike  a  flat  cover  (which  is  movable),  and  flow 
outward  and  downward,  enveloping  the  hoop  in  such  a  way  as  to  heat 
all  parts  of  it  uniformly.  The  exit  pipes  could  be  arranged  around  the 
bottom  near  the  perimeter  of  the  heater.  In  this  method  the  tempera- 
ture of  the  interior  of  the  heater  could  be  definitely  ascertained  with 
tolerable  accuracy  and  the  temperature  of  the  hoop  kept  within  any 
fixed  maximum  limit,  not  exceeding  600^  Fahrenheit. 

With  the  gas  heater,  althoug^h  a  slight  oscillatory  rotary  motion  is 
maintained,  it  is  found  impossible  to  keep  every  segment  of  the  circum- 
ference of  the  hoop  at  the  same  temperature.  Some  segments — ^gen* 
erally  those  at  the  top  and  bottom,  on  account  of  the  upward  current  of 
air  induced  by  the  heat — will  have  a  higher  temperature  than  others. 
Yet,  on  the  whole,  very  good  results  may  be  obtained  with  reasonable 
care. 

With  a  reverberatory  furnace  the  same  difficulty — {.  «.,  that  of  un- 
equal heating — will  be  encountered. 

In  such  a  furnace  the  heat  is  necessarily  variable  at  different  points, 
due  to  the  form  of  the  furnace  arch  and  the  existence  of  a  bridge  wall. 
The  most  favorable  case  with  such  a  furnace  would  be  to  have  a  hori- 
zontal rotary  hearth,  upon  which  the  hoop  is  laid  flat  on  two  or  more 
cross-bars  so  that  the  segment  of  the  perimeter  farthest  from  the  bridge 
wall  should  occupy  the  point  of  maximum  heat,  and  then  by  slow  and 
uniform  rotation  of  the  hearth  every  point  of  the  circumference  would 
be  carried  consecutively  through  the  zone  of  greatest  heat.  The  hoop 
.would  have  to  be  roughly  centered  over  the  pivot  of  the  rotating 
hearth. 

The  bars  are  laid  on  the  hearth  in  order  to  expose  as  much  of  the 
hoop  surface  as  possible  to  the  action  of  the  heated  air  and  flame. 
Even  with  this  contrivance  it  is  doubtful  whether  the  heating  would  be 
as  uniform  as  with  a  good  gas-heater,  unexposed  to  drafts,  and  under  a 
steady  gas  pressure.  The  furnace  has  the  advantage  of  keeping  the 
hoop  horizontal,  hence  there  is  no  sagging  due  to  the  weight  of  the  hoop, 
or  compression  due  to  the  method  of  slinging  used  for  the  gas  heater. 

With  large  hoops  it  is  found  that  the  expansion  rod  may  enter  hori- 
zontally before  it  will  vertically,  or  vice  versa^  depending  upon  the 
weight  and  method  of  slinging.    If  a  furnace  is  to  be  used,  it  would 
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probably  be  preferable  to  employ  a  large  muffle  farnaee  similar  to  those 
nsed  for  roasting  arsenical  ores  when  the  arsenious  acid  is  to  be  saved 
and  collected  as  a  by-prodact.  With  sach  a  furnace  no  flame  would 
come  in  contact  with  the  hoops  and  the  operator  would  be  better 
able  to  judge  of  the  temperature  of  his  furnace  by  inspection  since  no 
glare  of  flame  would  enter  as  a  perturbatory  factor  to  mask  the  color  of 
the  oxide  upon  the  steel  surface.  The  furnace  operator  could  also  reg- 
ulate the  heat  of  his  muffle  by  having  at  hand  a  little  charcoal  to  place 
at  points  inside  the  muffle  which  are  cooling,  or  are  colder  than  he  de- 
sires. Of  course  careful  firing  would  be  required,  but  not  nearly  so 
much  care  would  be  necessary  as  in  the  case  of  an  -ordinary  reverbera- 
tory  furnace,  since  the  degree  of  heat  can  be  regulated  by  opening  the 
doors  of  the  muffle,  if  too  great,  and  by  urging  the  fire  or  putting  char- 
coal in  the  muffle,  if  too  low. 

Any  one  of  the  three  latter  methods  is  to  be  preferred  to  the  uncer- 
tainty and  irregularity  of  the  old  method  of  heating  in  a  perforated 
flask  with  a  wMd  fire. 

COLOR  TEST. 

The  color  test  for  temperature  and  approximate  degree  of  expansion 
has  been  as  satisfactory  in  this  experimental  cylinder  as  with  the  hoop- 
ing of  the  12-inch  M.  L.  mortar.  The  limit  of  dark  broum  has  been  ad- 
hered to  as  indicating  the  highest  temperature  to  be  attained  in  heating, 
and  all  necessary  expansion  can  be  obtained  without  going  beyond 
that  limit  with  the  quality  of  steel  now  furnished  by  the  Midvale  Steel 
Gympany  for  the  Army  and  Navy  work  at  this  foundry. 

The  6-inch  Navy  gUns  assembled  at  this  foundry  afforded  an  excellent 
opportunity,  both  in  the  hooping  and  in  the  shrinking  on  of  the  jackets, 
to  observe  the  corresp9ndence  of  color  with  the  degree  of  expansion 
required. 

The  five  Navy  guns  already  assembled  made  a  series  of  fifty  hoops 
available  for  observations  on  this  point. 

The  Navy  Department  use  a  greater  expansion,  and,  consequently,  a 
little  higher  heat  than  employed  by  the  Ordnance  Department  at  this 
place  upon  the  same  quality  of  work,  yet  with  their  greater  heat  they 
rarely  exceed  the  color  of  dark  broton. 

The  Navy  hoops  were  made  of  steel  by  the  same  company,  were 
heated  in  the  same  heater,  and  under  the  same  conditions  as  regards 
light,  draughts,  &c.,  as  were  the  Army  hoops,  so  that  the  color  tests 
were  observed  under  the  same  conditions  in  both  instances,  and  hence 
are  directly  comparable. 

RESULTS. 

The  numerical  results  of  the  experiments  are  given  in  Tables  1, 2,  and 
3,  appended  hereto. 

The  tables  of  detailed  measurements  are  placed  in  the  Appendix. 

The  measurements  in  these  tables  were  made  by  Lieut.  H.  D.  Borup, 
Ordnance  Department,  U.  S.  A. 
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Table  1. — Temperature  of  water  in  here  during  hooping. 

[Flow  of  water  through  bore  =  9  KaUon*  P«r  minnt«  during  application  of  cast-iron  bodr;  7.8  ptUona 
per  minute  during  application  of  hoop  Ax;  9  gallons  per  mmnte  during  appUoMtlon  of  hoop  fie] 


Hoop. 


Cast-iron  body 

Hoop  A« 

HoopB« 


Temperatore  of  water  in  bore. 


OF. 
65 
60 
62 


I 

I 


OF. 
56 

60 
62 


I 


op. 
59 
62 
68.6 


op. 
i 
2 
1.6 


1 

S 

s 


OF. 
65 
60 
62 


Time  alter  hoops  in  posi- 
tion. 


Before. 


1*1 

See 


m. 
8.6 
17 
18.66 


A.  M.  #. 

6  27  80 
42 
08 


A.  fit.  #. 

6  42  80 
69 
72 


Darationof- 


I 


d 


9 
12 
16 
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Xjfmsh  of  hooping  and  unhooping  upon  ike  moan  Ungiko  of  ike  tubOy  catt 

hoopa  A  and  B, 


Btftges  when  moMored. 


> :  (1)  Stetion  qf  tUd  *ub$, 

J-    -* 

PraMred  for  avpUoatton  of  OMMron  body 

Wita  eaflt-iion  DodyappUed 

Prepared  for  appllcatloii  of  A  hoop 

With  A  hoop  applied 

PiejMred  lor  applioatlon  of  B  hoop 

Witn  east-iioB  Dody  and  A  and  B  noopt  applied. 

Afler  remoral  of  Jshoop 

After  lemoral  of  A  hoop 

After  removal  of  oast-Iron  body 


Totals 

Permanent  compreMiou 


Mean  Iwigtha 
interior. 


9.496 

9.406 

9.496 

9.498 

9.495 

9.4978 

9.495 

9.4941+ 
9.4988+ 


Actaal 
compreMior 


.00 
.00 


.0. 


.( 


stages  when  measared. 


Mean  lengths 
exterior. 


(3)  Oatt^nmbodif. 


Prepared  for  application 

Applied  to  tabe  .** 

Prepared  for  application  of  A  hoop . 

After  remoral  of  A  hoop 

After  remoral  from  tabe 


Totals 

Permanent  compression 


(8)  A  Aoop. 


Prepared  for  application 

Applied  to  oaat-iron  body 

Pr^Mured  for  application  of  B  hoop. 

After  removal  of  Bhoop 

After  removal  from  cast-iron  body  . 


Totals 

Permanent  elongation. 


(4)  B  hoop. 


Prepared  for  a] 
After  application 
After  removal 


on 


Totals 

Permanent  elongation  or  oompression. 


9.49076 

9.49967 

9.6002 

9L4962 

9L4998 


8.999 

6.996 
&996 
8.9937+ 
&9092+ 


9. 

&9878- 

9l 


Aetna . 
oomprei*.^. 


SUMMARY.* 


Steel  tnbe 

Cast-iron  body. 

Hoop  As 

HoepBs 


Per 

oonr 


*  There  was  virtually  no  change  in  lenfcth  that  coald  be  deteeted  by  n 
•bservation  and  the  removal  of  anavoidable  bars  from  the  edges  near  the 
•■fflcient  to  account  for  all  the  variations  noted  in  the  table. 
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ASSEMBLAaE  OF  COMPOUND  CLTINDEB — SECTION  OF  HOOPED  AND 
TUBED  12-INCH  CA8TIB0N  BIFLB  OVER  CHAMBER— COMPARISON  OF 
MEASURED  CHANGES  OF  DIMENSIONS  WITH  THEORETICAL. 


Original  dimeniion§  ofdementary  e^Hndenfar  rrferemee. 


CylindAn. 

DiAinetfln. 

Lengths. 

Interior. 

Sztorior. 

Tub* 

13.5006 
19.9908 
89.2007 
45.9000 

20.00585 
89.2654 
45.9767 
68.6968 

9.486 
9.49075 
&999 
9.000 

Cftst-ironbody 

A  hoop 

Bhoop 

' 

Valuei  of  ike  actual  §hrinkage  employed. 


Inohee. 

Thoatandtha 

per 
linear  nnii. 

CesMronbody 

A  hoop 

0.00605 

0.0647 

0.0767 

0.8025 

1.65051 

1.67102 

Bhoop 

Table  of  ckangee  from  original  dimeneione. 


Slafes  of  oonatmctlon. 
Keaaaraments. 


Wl0m  9tage^AitenMag€  fif  jack€L 

Meaaorementa  of  diametera : 

Boreoftabe 

Bxterior  of  tabe 

Interior  of  Jacket 

Bxteriorof  Jaoket. 


Btoond  Hag*—An§mbilag4  nf  A  Aoop. 


-.00074 -.0108 
-.00814 -.00805 
Interior  of  Jacket -.00209 -.002 


-.00242 -.0026 
-.00202 -.0025 
+.  00403  +.  0058 
+.  00241 +.  0086 


I 

< 


(*)  (•) 

J.  1702     -0. 10259 
-0.10116   -0.125 
+0.20134  '+0.290 
+0.06151   +0.00148 


Mcaanrementa  of  diametexa : 

Boreoftabe  

Bxteriorof  tube 
i\u 

Bxteriorof  Jaoket -.00404*-.  005 

Interior  of  A  hoop +.  05785 +.  0561 

Exterior  of  A  hoop +.  06178 +.  0508 


3  Aoop. 


Meaaarementa  of  diametera  s 

Boreoftabe 

Bxterior  of  tabe 

Interior  of  Jaoket 

Bxterior  of  jacket 

Interior  of  A  hoop 

Bxterior  of  A  hoop 

Interior  of  B  hoop 

Bxterior  of  B  hoop , 


-.0168 

-.01404 

-.006 


-.  0178 

-.01635 

-.0103 


-.  01208  -.  0145 
+.05026+/ 0466 
+.  04448 +.  0416 
'+.0694   +.0680 


+.0627 


+.0606 


-0.7215 
-0.40728 
-0. 10478 
-0.12606 
+L  46294 
+1. 1281 


-1.2441 

-0.708325 

-0.89982 

-0.80684 

+1.28215 

+0.969 

+1.5119 

+1.1675 


(•) 
+.0134 

+.0288 

+.0887 

r.0800 


I 


-0.8000 
-0.4026 
-0.1000 
-0. 12755 
+1.4812 
+L  08301 


+.0785 
-.0048 
I-.0048 
+.0015 
'-.0817 
-.0351 


Bi=  8968  tone. 
TheoretioaL 


ITkouff. 

-0.18654 

-6.1068 

+0.1072 

+0.06624 


-.00072    -0.7301 
-.00618    -a  4061 


-.00206 
-.00465 
+.0676 
+.0621 


-1.3185 

-0.8175 

-0.515 

-0.8699 

+  1.1888 

+0.9063 

+1.4815 

+1.1286 


+.0744 

|+.  1152 

I+.  1152 

+.0681 


-6.1040 

-oiuas 

+L4686 
+1.1383 


-.0627 
-.0304 
-.0380 


*  Thonaandtha  per  linear  anlt. 

KOTB.— The  tiieoretioal  ohangea  of  dimenaiona  are  oompated  Anom  the  Talaea  of  aotoal  ahrinkagea  aa* 

Soyed,  aa  siren  above,  with  the  Ibllovring  ralatsa  for  oooatanta — via:  B«a-6.7S^  Bi=10.,  BaslO.8, 
I  =  22.06uB4  =  26.85.  Bt  =r  14838..  Bi  =  8000.,  Bt=  Bi  sl2941. 
If.  B.— Tlia^iwo  oolamna  at  right  of  page  give  theoretical  ohangea  for  Bis8508  toaa. 
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EEPOBT  Oy  AN  EXPERIMENT  TO  DETERMINE  THE  EFFECT  OF  POURING 
MOLTEN  CAST  IRON  ABOUT  A  PIECE  OF  OIL-TEMPERED  STEEL. 

Bt  Lxbut.  F.  E.  Hobbs,  Ordnancb  Depabtmekt. 

i 

,  (1  plate.) 

; 

I  MlDYALE  STBEL  WOBlCfl, 

i  Philadelphia^  Pa.j  July  24, 1886. 

f  The  Chief  of  Ordnakob^.  8.  A., 

WashingtoHj  D.  0.  ; 

Bie:  I  have  the  honor  to  report  that,  in  compliance  with  your  in< 
Btmctions  and  aathority  of  Jnly  8, 1  have  made  an  experiment  to  de- 
termine the  effect  of  poaring  molten  cast  iron  about  a  i»iece  of  oil-tem- 
I>ered  steel.  ' 

•  The  metal  selected  was  from  the  muzzle  end  of  tube  No.  15  for  8-inch 
converted  rifles,  which  had  been  rejected  on  account  of  poor  tests  from 
the  breech  end,  a  piece  15  inches  long  being  cut  from  the  muzzle  end 
for  the  purpose.  A  light  finishing  cut,  about  2  inches  in  length,  was 
taken  on  the  bore  of  this  piece,  at  the  end  from  which  test  specimens 
had  been  taken. 

As  no  accurate  calipers  for  making  fine  measurements  were  at  hand, 
a  gauge* rod  was  made  to  accurately  fit  this  finished  bore,  measurements 
being  taken  at  two  scored  diameters  at  right  angles  to  each  other.  As 
it  was  desired  that  the  expansion  of  this  piece  of  tube  due  to  the  heat- 
ing of  the  molten  cast  iron  should  be  at  least  .02  inch  on  the  diameter, 
another  gauge  rod  was  made  .02  inch  longer  than  the  first  one,  to  be 
used  to  determine  when  the  piece  of  tube  with  the  molten  cast  iron  about 
it  had  expanded  that  amount. 

The  weight  of  cast  iron  to  be  used  was  determined  from  a  considera- 
tion of  the  specific  heats  of  the  two  metals,  the  weight  of  the  piece  of 
tube,  and  the  melting  point  of  cast  iron,  with  a  view  to  obtaining  a  tem- 
perature of  not  over  600^  Fahrenheit  in  the  steel,  under  the  supposi- 
tion that  the  two  metals  could  be  intimately  mixed.  Of  course  the 
supposition  was  not  strictly  correct,  as  there  was  only  contact  of  the 
two  metals,  and  the  surface  of  contact  in  the  steel  was  liable  to  be 
heatod  to  a  much  higher  temperature  than  600^;  but  it  was  hoped  by 
removing  the  cast  iron  as  soon  as  possible  that  the  steel  would  not  be 
raised  to  an  excessively  high  tem|>eratnre,  and  it  was  deemed  best  to 
mi^e  a  calculation  under  a  supposition  that  would  give  a  definite  em- 
pirical rule  that  could  be  followed  in  any  subsequent  similar  heating 
operation. 
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The  amount  of  cast  iron  required  was  found  to  be  about  120  pounds, 
giving  a  thickness  of  about  .8-inch  of  metal  about  the  piece  of  tube. 

The  piece  of  tube  was  placed  with  its  axis  vertical  in  a  green-sand 
mold,  and  was  sunk  about  one  inch  in  the  lower  flask  of  the  mold  to 
prevent  the  molten  metal  from  running  under  the  bottom,  and  so  up 
into  the  bore.  Two  flat  bars  of  steel,  .25-inch  thick,  were  placed  verti- 
cally in  the  mold,  in  the  space  to  be  filled  with  cast  iron,  and  opposite 
to  each  other,  to  facilitate  stripping  when  the  desired  expansion  had 
been  obtained,  the  runner  being  separated  into  two  branches  at  the 
bottom,  so  that  the  metal  could  enter  on  either  side  of  one  of  the  flat 
bars. 

To  provide  for  the  filling  of  the  mold  exactly  to  the  top  of  the  piece 
of  tube  and  no  higher,  an  overflow  for  the  metal  was  cut  in  the  mold,  its 
bottom  being  on  a  level  with  the  top  of  the  piece  of  tube;  and  to  further 
guard  against  any  metal  running  over  the  top  of  the  tube,  clay  was 
placed  around  the  outside  edge  of  the  top  end.  After  the  piece  of  tube 
had  been  set  in  the  mold,  and  everything  was  in  readiness  for  pouring 
the  cast  iron,  a  final  measurement  with  the  gauge-rod  was  made  at  the 
scored  diameters  to  determine  that  the  measurements  previously  taken 
were  correct. 

The  cast  iron  was  melted  in  crucibles,  drawn  as  soon  as  melted, 
poured  into  a  hand  ladle,  carried  to  the  mold,  and  allowed  to  stand  for 
a  few  moments,  so  that  it  was  quite  as  cold  as  it  conld  have  well  been 
poured.  The  mold  was  filled  in  one-half  minute.  As  soon  as  the  mold 
was  full,  and  as  rapidly  as  possible  thereafter,  measurements  were 
taken  with  the  gauge-rod  .02  inch  longer  than  the  original  diameter^ 
the  measurements  £^ternating  on  the  scored  diameters.  There  was  no 
apparent  expansion  until  the  heat  had  progressed  through  the  wall  of 
the  tube,  when  expansion  took  place  very  suddenly  and  sufficiently  • 
Verifying  insertions  of  the  longer  gauge-rod  were  immediately  made  on 
each  scored  diameter,  the  flask  lifted,  and  the  cast  irou  stripped  from 
the  tube.  The  expansion  did  not  take  place  until  two  n\inntes  after  the 
mold  was  full.  The  piece  of  tube  was  entirely  free  from  the  hot  cast 
iron  in  one  and  a  half  minutes  after  the  expansion  took  place.  The  cast 
iron  had  solidified.  The  metal  of  the  tube  showed  a  black  red  color, 
an  observation  being  taken  as  soon  as  possible;  but  this  color  may 
have  been  only  apparent,  and  dne  to  the  reflection  from  the  hot  cast 
iron. 

The  tube  was  allowed  to  cool  in  the  open  air,  and  more  carefbl  ineas- 
urements  with  the  longer  gauge-rod  than  could  be  taken  over  the  hot 
cast  iron  were  made  at  this  time.  It  was  found  that  the  longer  gauge- 
rod  had  a  play  of  about  one  inch  in  the  bore — i.  e.^  it  conld  be  moved  back 
and  forth  that  distance — so  that  the  expansion  was  a  little  mote  than 
•02  inch. 

Measurements  taken  25  minutes  after  the  tube  was  free  from  the  cast 
iron  showed  that  the  tube  had  not  up  to  that  time  contracted  appreciably* 
The  metal  was  poured  late  one  evening,  and  the  tube  was  allowed  to 
stand  over  night.  Measurements  on  the  scored  diameters  taken  the  fol' 
lowing  morning,  about  13  hours  after  the  pouring,  with  the  primitive 
gauge-rod,  showed  that  the  tube  had,  as  nearly  as  could  be  determined, 
contracted  to  its  original  diameter. 

Four  specimens  were  then  cut  from  this  end  of  the  tube,  their  axis 
being  about  1.5  inch  from  the  end,  t. «.,  from  thetopof  the  piece  of  tube  as 
it  stood  in  the  mold.  The  tests  of  these  specimens  have  shown  that  the 
physical  qualities  of  the  metal  were  not  changed  by  the  operation.    The 
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sammary  of  resalts  of  tests  of  specimens  before  and  after  the  pooring  is 
as  follows : 

BEFOSB  HEATING. 


Podtion  of  speoimeai. 

Elastic 
limit. 

Elastic 
elongatioii. 

Tensile 

Eloneatioii 

after 
mpttire. 

Contraction 
of  area. 

KTiI 

48,000 
48,000 
40.000 

.001487 
.001400 
.001883 

81,820 
81,240 
78^180 

10 

28.38 

23.83 

49.7 

MTtO 

52.2 

KTiK 

54.8 

AETBS  HEATINQ. 


MT4I. 
MT.O. 
MT«0 
KTrK 


45,000 

.001287 

78,480 

21 

48,000 

.001800 

80,240 

24.33 

40,000 

.001383 

77,800 

19 

43,000 

.001887 

88,380 

2L88 

54.8 
44.8 
62.2 
47.2 


In  condncting  a  similar  heating  operation  on  a  large  scale  special  ar- 
rangements woald  nndonbtedly  have  to  be  made  for  stripping  off  the 
cast  iron  immediately,  the  very  instant  the  expansion  desired  had  been 
obtained. 

I  believe  that  in  this  case  the  metal  could  have  been  allowed  to  remain 
in  contact  with  the  heated  cast  iron  for  a  considerably  longer  time  with- 
out any  very  great  amount  of  bad  effect  on  the  tube  metal ;  but  of  course 
sufficient  expansion  having  been  obtained,  and  nothing  more  being  de- 
sired, the  sooner  the  cast  iron  is  stripped  off  tiie  better.  The  tube  metal 
seemed  to  hold  its  heat  and  remain  expanded  a  sufficiently  long  time 
for  any  desired  mechanical  operation. 

Very  respectfully,  your  obedient  servant, 

P.  E.  HOBBS, 

Lieut  of  Ordnance. 
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EBPORT  ON  EXPERIMENTS  TO  DETBEMINB  WHETHER  THE  QVALITT  OF 
TEMPERED  STEEL  18  INJURED  BY  BEING  SUBJECTED  TO  VERT  HIGH 
FURNACE  HEAT  FOR  A  SHORT  TIME. 


Bt  LnBUT.  BoasBfl  Buuris,  Jr.,  Obdnakob  Dspaatmsnt. 

(2  plates.) 

Wbst  Point  Foundet, 
Cold  Spring^  HT.  T.j  September  15, 1885. 

The  Chtbf  of  Ordnance,  U.  S.  A., 

Waehinffton,  D.  0.  : 

Obnbbai^  :  Id  compliance  with  yoar  instractions  dated  July  20, 1885, 
I  have  the  honor  to  sabmit  the  following  report  of  experiments  made  '^  to 
determine  the  qaeetion  whether  the  quality  of  tempered  steel  is  injared 
by  subjecting  the  metal  to  a  very  high  furnace  heat  for  a  brief  period.'' 
The  scope  of  the  experiments  was  extended  to  include  the  removal  by 
the  same  heat  of  a  tempered-steel  cylinder  (or  hoop)  from  an  interior 
cylinder  upon  which  it  had  been  assembled  with  a  shrinkage  approxi- 
mately suited  to  the  usages  of  gnn-constmction,  and  from  the  steel  thus 
treated  specimens  have  been  taken  from  various  i)ositions  to  determine 
its  final  qualities,  for  the  purpose  of  comparison  with  the  qualities  of 
the  original  metal. 

The  steel  used  was  a  remnant  of  a  cylinder  supplied  by  Sir  J.  Whit- 
worth  ft  Co.,  for  experimental  purposes.    One  portion  of  this  cylinder 
had  been  cut  off  to  test  the  original  qualities  of  the  metal.    Another 
portion  was  used  in  constructing  the  experimental  section  of  the  8inch 
breech-loading  gun,  and  was  tested  subsequent  to  such  use.    (See  Notes 
on  the  Construction  of  Ordnance,  No.  32.)    This  gives  an  opportunity  to 
institute  an  interesting  comparison  of  the  qualities  of  the  same  metal 
under  three  conditions :  1st,  its  original  state ;  2d,  following  its  use  as 
%n  intermediate  cylinder  of  a  gun-section  and  removal  therefrom  without 
iieat ;  and  3d,  following  its  use  as  the  outer  one  of  two  cylinders  shrunk 
together  and  subsequent  removal  by  the  application  of  a  very  high  fur- 
nace-beat.  The  parts  of  the  original  steel  cylinner  as  used  and  the  posi- 
^ons  of  the  various  test  specimens  are  indicated  in  Plate  I.    Preliminary 
to  shrinkage  the  steel  cylinder  was  carefully  bored  and  finished  square  at 
41ie  ends.    The  exterior  surface  was  not  disturbed ;  it  was  already  rough- 
turned  approximately  true  when  received.    An  old  coiled  wrought-iron 
tube,  found  at  the  works,  was  used  for  the  inner  cylinder.    The  breech 
end  of  this  was  prepared  to  receive  the  steel  cylinder  and  turned  to  give 
a  shrinkage  of  0.019  of  an  inch  on  the  diameter  of  14.0  inches.    The 
cylinder  is  shown  in  place  in  the  sketch,  Plate  II.    The  thickness  of  the 
wall  of  steel  is  4  inches  nearly,  and  that  of  the  wrought-iron  tube  3 
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inches,  being  the  same  proportions  as  for  similar  parts  of  the  expeii- 
mental  8-inch  steel  gan  (doable  hooped).  The  stated  shrinkage  is  a 
little  greater  than  the  greatest  shrinkage  applied  in  the  length  of  the 
jacket  of  that  gnn  on  the  tube.  Measnrements  were  made  of  a  namber 
of  original  diameters  and  lengths  of  the  cylinders  before  its  assemblage, 
to  compare  with  similar  measnrements  to  be  made  after  its  removal  in 
order  to  determine  the  deformation  nnder  intermediate  operations. 

The  cylinder  was  heated  for  the  assemblage  iq  a  furnace  recently  con- 
structed at  this  foundry  for  this  class  of  work,  in  which  the  metal 
is  heated  by  hot  air  alone.  The  fire  was  lighted  at  8:15  a.  m.  At  11  a.  m. 
the  cylinder  was  put  in.  After  one  hour  and  thirty  minutes  the  interior 
diameter  was  found  to  have  expanded  0.025  of  an  inch;  thirty  minutes 
later  the  expansion  reached  0.035  of  an  inch,  and  ten  minutes  later  0.037 
of  an  inch.  It  was  then  removed  and  placed  upon  the  tube.  In  this  oper- 
ation the  tube  was  laid  on  trestles  in  a  horizontal  position.  The  heated 
cylinder  was  encircled  by  a  band  with  a  loop  at  top.  It  was  lifted  by  a 
crane,  swung  around  to  the  tube,  and  guided  to  place  by  hand.  The 
clearance  in  the  assemblage  was  a  little  less  than  0.02  of  an  inch  on  the 
diameter.  The  temperature  of  the  steel,  judged  by  its  expansion,  which 
was  even  throughout,  was  485^  Fahrenheit  nearly.*  Incidentally  an 
opportunity  was  here  afforded  to  test  the  practicability  of  making  a 
close  joint  between  gun  hoops  of  the  same  row  by  simple  means.  As 
soon  as  the  cylinder  was  in  place  it  was  drawn  close  against  the  shoulder 
on  the  tube  by  means  of  a  cross-piece  placed  against  the  outer  end  and 
operated  by  a  nut  working  on  a  rod  passed  through  the  bore  of  the  tube. 
The  extremity  of  the  cylinder  next  the  shoulder  was  cooled  with  a  cir- 
cular sprinkler  throwing  jets  of  water  for  fifteen  minutes.  Afterwards 
the  whole  of  the  cylinder  was  cooled  to  make  an  even  temperaturSr 
The  joint  thus  obtained  was  as  close  as  could  be  desired. 

Eighteen  days  afterwards  the  cylinder  wasromoved  from  shrinkage  by 
exposing  its  outer  surfac<^  in  a  furnace  already  white  hot.  During  the 
operation  the  blast  was  directed  above  the  cylinder  and  prevented  from 
direct  impact  by  solid  brick  walls  on  either  side  raised  from  the  floor  of 
the  furnace  to  a  sufficient  height.  A  sketch  of  the  apparatus  used  in 
connection  with  the  furnace  heat  in  effecting  the  removal  is  shown,  Plate 
II.  Bolted  to  the  muzzle  face  of  the  steel  cylinder  are  two  thin  cas^ 
iron  cylinders,  which  together  extend  back  8^  feet,  and  are  there  con- 
nected with  a  large  nut  working  on  a  thread  cut  upon  the  tube.  One  of 
these  cylinders  has  flanges,  and  the  frame- work  of  wood  behind  these 
flanges  held  this  outer  portion  of  the  fixture  when  the  tube  was  palled 
out.  The  openings  A  and  A'  (three  in  number  at  each  place)  were  left 
for  the  insertion  of  a  hose  with  which  to  throw  water  on  the  outside  of 
the  tube,  and  prevent  the  portion  near  the  steel  cylinder  from  becoming 
heated.  However,  very  little  water  was  used  in  this  way,  and  it  is  prob- 
able that  the  open  air  space  alone  prevented  any  considerable  amount 
of  the  outside  heat  from  reaching  the  part  of  the  tube  named. 

Bolted  to  the  breech  end  of  the  tube  is  another  cast-iron  cylinder, 
turned  somewhat  smaller  on  the  outside  than  the  interior  of  the  steal 
cylinder,  and  the  latter  rested  upon  this  '^neck''  when  the  tube  was 
withdrawn.  The  rod  B  screwed  into  the  base  was  used  as  one  of  the 
supports  of  the  apparatus  in  place ;  elsewhere,  the  weight  was  sup- 
ported towards  the  rear  near  the  center  of  gravity,  from  a  crane,  by 
means  of  which  the  whole  was  put  into  the  furnace.     The  interior  dt 

^ A  mercurial  thermometer  was  attached  at  the  top  of  thefarnaoe  to  indicate  the  tern- 
peratnre  of  the  hot-air  ohamheri  hat  wae  found  nnreliahle.  The  highest  temperature 
indicated  hy  it  daring  this  operation  was  440^  Fahrenheit. 
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the  Deck  opens  into  the  bore  of  the  tube  through  which  a  copioas  Bap- 
ply  of  cold  water  was  run  during  the  operation.  The  cylinder  connected 
as  shown  iu  the  sketch,  was  turned  from  time  to  time  whilst  under 
heat  by  baud  power  applied  to  the  clamp  near  the  muzzle  end  of  the 
tube.  The  arrangement  of  water-pipes  enabled  this  to  be  done  without 
twisting  the  hose.  When  it  was  desired  to  turn  the  tube  alone  a  hand- 
spike was  placed  in  one  of  the  sockets  shown  in  the  periphery  of  the 
nat  and  rested  on  the  ground. 

The  steel  cylinder  was  introduced  after  the  furnace  had  been  raised 
to  a  white  heat.  The  following  gives  a  record  of  the  operations  at  the 
fnmaoe : 

P.M. 

Crlinder  placed  in  furnace 5.22 

Blast  of  famace  turned  on 5.24 

Cylinder  turned  partly  around 5.25 

Cylinder  turned  aU  around 5.28 

Altempt  made  to  unscrew  tube 5.29 

Cylinder  turned  all  around 5.30 

Attempt  made  to  unscrew  tube 5.32 

Tube  started  and  unscrewed  two  turns 5. 35 

Nat  detached  by  removing  bolts 5.37 

Tackle  attached  to  muzzle  end  of  tube 5.38 

l*abe  (with  nut)  pulled  out  of  cylinder 5.40 

Whole  apparatus  removed  from  furnace 5. 48 

The  whole  time  occupied  was  twenty  minutes.  The  cylinder  was  ex- 
panded 80  that  the  tube  could  be  turned  and  the  cylinder  started  by 
the  aid  of  the  screw-thread  in  thirteen  minutes.  In  five  minutes  after- 
wards the  cylinder  was  entirely  detached  from  the  tube.  After  arrang- 
ing it  a  constant  strain  was  kept  on  the  tackle  attached  to  the  muzzle- 
end  of  the  tube,  and  heavy  blows  were  struck  with  a  sledge  against  the 
base  at  the  rear  side  of  the  furnace.  On  removal  from  the  furnace  por- 
tions of  the  steel  cylinder  toward  the  breech  end,  which  remained  longest 
in  the  furnace,  showed  a  low  red  heat.  It  was  judged  that  the  maximum 
temperature  of  the  metal  approached  1,000  degrees  Fahrenheit,  but  that 
this  degree  of  heat  was  confined  to  the  outer  surface  of  the  cylinder  was 
apparent  from  the  fact  that  the  redness  disappeared  almost  immediately. 
After  this  the  cylinder  was  left  to  cool  in  air,  in  a  position,  however, 
which  undoubtedly  affected  its  final  shape.  It  remained  in  a  horizontal 
position,  attached  at  the  muzzle  face  by  the  bolts  shown  in  the  sketch, 
while  its  breech  end  rested  partly  upon  the  **  neck  "  provided  to  sustaia 
it  In  the  record  of  measurements  to  follow,  the  bolted  end  is  desig- 
nated the  '^  top."  In  the  final  measurements  it  was  found  that  the  coni- 
calness  increased  toward  the  bottom  or  the  end  which  was  inadequately 
supported ;  also  that  the  greatest  interior  diameters  corresponded  to 
those  measured  vertically  in  the  stated  position  of  the  cylinder  while 
cooling.  I  am,  therefore,  not  disposed  to  attach  great  weight  to  the 
distortion  of  the  bore  as  finally  measured.  To  have  determined  this 
justly  the  cylinder  should  have  been  placed  on  end  on  level  ground,  or 
on  its  side,  and  rolled  over  from  time  to  time  while  cooling,  preferably 
the  former,  for  so  short  a  cylinder  as  this. 

The  cylinder  was  dismounted  on  the  third  day  and  finally  measured 
about  66  hoars  after  the  heating.   . 
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Tablb  h-^Interior  0/  the  §Uel  eyUmd0r. 


1 

it 

Otiftnal  diMneteit. 

BiAineten  alter  remoTttL 

UltiiDAto  oontraotion  on 
dianeten. 

Hori- 
m>nUL 

Vertt- 

Ufa. 

fCori- 
sontel. 

Vertl- 
oid. 

liean. 

Hort. 
aontaL 

Tertt- 
oaL 

KeML 

0.15 
8.6 

T.O 
10.6 
18.5 

Ineh0§. 

14.001 
.0005 
.000 
.0007 
.001 

Ineket. 

14.001 
.0005 
.000 
.0007 
.001 

14.001 
.0005 
.000 
.0007 
.001 

Ineket. 
14  002 
18.008 

.006 
.0085 

If%ehee. 

14.000 

18.0005 

.0005 

.0886 

.001 

Inehee, 

14001 

18.0988 

.0026 

.0018 

.0047 

Ineh. 
+0.001 
-0.0025 
—0.0066 
-^)i0067 
— 0L0O25 

Znek. 
+0.001 
—0.001 
--4.0006 
—0.0188 
—0.01 

JlMfc. 

0.000 

0.0017 

0.0076 

O.0080 

0.0068 

MOMI 

14.0006     14.0006 

140006 

18.0976 

18.0880 

18.0068 

-0.008 

-0.0067 

0.0048 

Meaa  eocentridty,  j  JJf/^^^^^  J;,,^, 

oonicainess,  { ^°^\^^- { ; ; ; ;  y  oiooS 

The  above  meaLSurements  were  made  upon  diameters  marked  before 
ttie  shriakage.  In  the  foUowiag  the  series  of  vertical  diameters  oorre- 
apond  to  the  position  of  a  vertical  plane  through  the  axis  of  the  cylin- 
der while  cooling. 

Table  II. — Interior  of  cylinder  after  remofeah 


m^jnAtAm. 

Distaaoe  fkom  top. 

Mmm. 

tntiiBite 

0."16 

8.  "6 

7."0 

10.  "5 

18.  "6 

(ftTwage). 

y«rtiaal 

Inehee. 
14  0085 
18.0070 

14000 
18.0005 

18.997*5 
18.987 

Ineihte. 
18.007 
18w0665 

14  000 
18.988 

Inehee. 

18.0006 

18.9806 

Inek. 
OiOOl 

SniMBtal  

0.0108 

DiffnrADOM. .....-.-- 

0.0065 

0.0005 

0.0106 

0.0105 

0.012 

0.0096 

From  which  it  is  seen  that  the  average  contraction  of  the  cylinder 
ia  the  horissontal  direction  (referring  to  position  while  cooling)  was  ten 
times  greater  than  in  the  vertical  direction.  This  shows  that  the  nlti- 
mate  eccentricity,  at  least  of  the  cylinder,  was  largely  influenced  by 
the  position  while  cooling,  and  an  unfortunate  doubt  rests  upon  the  re- 
liability of  the  whole  series  of  final  measurements,  as  indicating  the  de- 
formation of  the  bore  due  to  the  applied  heat  alone.  The  mean  con- 
tractions (Table  I)  are  least  in  doubt,  yet  it  is  scarcely  probable  that 
their  inequalities,  in  the  direction  of  the  length,  indicate  proportionate 
tnequalitiess  of  heat.  However,  we  note  that  the  mean  contraction  at 
the  circle  of  greatest  contraction  was  0.0089  of  an  inch,  and  that  the 
average  contraction  for  the  cylinder  was  0.0048  of  an  inch. 
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Tabub  in.--X«iiftiU^«y{iiiJar. 


ORIGINAL. 


Distasee 
from 

Diftmeten. 

Arenme 

No.L 

No.  3. 

No.  8. 

No.  4. 

HMD. 

ekiiBiKe. 

Ovtv 

IntfL 
0.35 
0.60 

JfMft«t. 

13.708 
.7076 

JndUf. 

13.703 
.700 

13.7046 
.7075 

18.706 
.708 

JneJUt. 

18.7041 
.7072 

Inch, 

IlMff           ..   ... 

W^i^f 

18.7063 

18.7045 

18.706 

18.707 

18.7057 

AFTBB  SBMOYAL. 


OaCsr 
Inaer 


Means 


0.25 
0.60 


18.702 
.7075 


18.7048 


18.700 
.7076 


13.7037 


13.704 
.708 


18.706 


13  704 
.709 


18.7065 


18.7025 
.7080 


18.^058 


~0l001« 

+0.0008 


-0.-0004 


The  changes  in  length  are  small  and  nearly  within  probable  errors 
of  measarement,  especially  when  we  consider  the  handling  that  the  fin- 
ished faces  of  the  cylinder  received  in  the  interval  between  the  meas-^ 
orements;  bnt  the  results  indicate  that  the  effect  of  the  heat,  which  was 
greatest  near  the  outside,  tended  to  contract  the  metal. 

MEOHANIOAL  TESTS  OF  SFEOIHEN  BABS. 

The  records  of  tests  which  follow  give  a  comparison  of  tension  and 
compression  tests  of  the  metal  under  the  three  conditions  already  re- 
ferred to.  All  of  the  specimens  were  detached  from  the  cylinder  or 
part  cylinder,  as  indicated  in  Plate  I,  after  the  metal  had  received  the 
treatment  indicated.  The  original  specimen  ring  was  taken  from  near 
the  middle  length  of  the  cylinder  a^  received.  Specimen  ring  0  was 
taken  from  the  middle  of  the  portion  used  for  the  experimental  sec- 
tion 8-inch  bree-ch-loading  steel  rifle,  and  the  records  of  tests  herewith 
of  specimens  taken  from  those  rings  are  copied  from  Table  I,  notes 
on  the  Construction  of  Ordnance,  No.  32,  while  the  positions  of  the. 
specimens  are  shown  in  Plate  I  of  that  note.  Specimen  rings  A  and  B 
were  taken  from  either  end  of  the  portion  of  the  cylinder  subjected  to 
the  high  furnace  heat  from  the  former,  which  was  contiguous  to  the 
position  of  the  original  specimen  ring;  tests  by  both  tension  and  com* 
pression  were  made  for  a  complete  comparison  with  the  original  quali- 
ties of  the  metal ;  from  the  latter  tension  tests  only  were  made  to  de- 
termine the  qualities  of  metal  in  this  portion  of  the  cylinder  where 
the  outside  was  observed  to  be  heated  to  a  dull  red  on  removal  firom 
the  furnace. 
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Tension  testa.— Whitworth  steel  oylinier  (oU  tempered)  received  far  experimental  purposes 

lengih,  and  0.^25  square 


Marks  of  specimenB. 


(Original  specimen  ring.) 
H.  tang,  outside,  3'^0 


I.  tang,  middle,  3".0. 


J.  tang.  Inside, -3".0 


P.  radial,  2".0. 
B.  zadial,  S^'.O. 


Means 


ORIGINAL  QUALI 
[Specimens 


Extensions  per  inch  of  length. 


0.0013  ,0.00185 


40,000 


42, 000 
42,500 


44,125 


0.0014 


0. 00145 


0.0015 


0.00155 


0.0016 


0.00165 


Load  per  square  inch  of  cross-section. 


Lb».    I    Lbs. 
47, 000     48, 250 


45, 000     46, 500 


42,500 


43,600 
44.000 


44,050 


Lbs. 
49,500 

Lb». 
51,500 

48,000 

49,250 

44,000 

45,500 

45,000 
45,500 

46,000 
47,500 

46,400 

47,950 

Lht.        Lbi.        Lbt. 
53,000     54,500  I  55,500 


50,000     61,500     52,800 


47, 000     48, 250     49, 000 


47,500 
49, 000 


49,000  ,  50,500 
50, 000     51, 000 


49,300     50,650  ,  51.760 


Lbt. 
56^  500 


50,600 


52,000 


QUALITIES  APTBR  REMOVAL  (BY  CUTTING)  FROM 


[Specimens 


(Specimen  ring  C.) 
Ji.  tans,  outside.  3".0 

41,000 
47,000 
41,000 

42,750 
48,500 
41,750 

45,000 
50,000 
43,000 

46,000 
0.86 

46,600 
50,500 
45,500 

48,000 
51.000 
47, 000 

Jj.  tanff.  middle.  3".0 

Ja.  taniE.  inside.  3".0 

48,500 

49,500 

60,500 

Men-ns  - 

43.000 
2.55 

44,835 
L4 

47,500 
0.94 

48,665 
L3 

Mean  loss  percentage  of  original 

qualities. 
Mean  gaii>  percentage  of  original 

qualities. 

QUALITIES  AFTER  REMOVAL  FROM  SHRINKAGE  BT 


(Specimen  ring  A.) 
H.  BX.  tane.  outside.  3".0 

42,000 
43,320 
38,000 

43.500 
44,680 
39,500 

45,500 
46,000 
41,250 

47,500 
47,250 
43,125 

49,000 
48,000 
45,500 

49,750 

51,000 

82,600 

I.  BX.  tans,  middle.  3".0 

JL.  BX.  tans,  inside.  S"-0 

47,250 

48.000 

49,500 

Means  

41, 105 
6.8 

42,525 
6.4 

44,250 
4.6 

45,955 
4.2 

47,500 
3.7 

• 

Mean  loss  percentage  of  original 

qualities. 
Mean  gain  percentage  of  original 

qualities. 

(Specimen  ring  B.) 
E.  BXi.  tang,  outside,  3".0 

J*.   pxirtaPir-  in^ldA,  8''.0  .. - 

48.750 
45^000 
41,666 

48.750 

46,600 
46,500 
43,000 

45,500 

47,000 
48,000 
46,000 

47,000 

47,750 
49,250 
47.500 

49,000 
60,000 
49,000 

50,600 
51,250 
50,600 

61,600 
62.000 
52,000 

52,ff00 
68,600 
68,108 

H.  BZa.  tang,  oatside,  3".0 

J*,  BTi,  t%iiir.  insid A.  S".0   ^  ^ 

Means 

43.540 
L82 

45,126 

47,900 

Mean  loss  percentage  of  original 

qualities. 
Mean  gain  percentage  of  original 

0.88 
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CIES  OF  llETAI. 
■lKk6dJ.,Ji.Jfcl 


diOlT  0.00175 

1 

II 
III 

M 

1^ 

i 

{ 

n 

Bemuk*. 

LlM. 

■58,000 

at. 

U,IMM 

LU. 

«i,aoo 

S2,80« 

so,  790 

53.000 
51.000 

India. 

0.0018 

0.0018 

aooBO 

0.0017 

Xfr>. 

104,000 

B8.M0 

97,000 

100,6m 
St,  MO 

Ftret. 
3L0 

20.0 

17.8 

1!.0 
30.0 

PtrM. 

S&4 

8B.t 

3(L4 

7.8801 

IdljT^nd   lo^   fellT» 
Idly   ud    load  fsU    £ 

lt^OO« 

63,500 

IS.  88 

M.as 
31.  at 

66,473 

0.0017* 

97.188 

iao8 

13.1+ 

7.BM1 

30.17 

KZPBBDCBKTAL  8XCTI0H  S-IVCH  B..L.  8TBEL  BIIXK. 
oarkad  J4.  Ji,  Ji.] 


49.000 
61,000 
60,000 

0.001631  88;  100 
0.0016     S9.400 
0.  00303,107. 140 

25.0 

3151 
10:30 

82.  MO 

88.600 

"H 

9.00180,  98, 000 
3.8          0.4 

30.58 

M.08 

»• 

APPLICATION  OF  A  TBEY  HIGH  FITRSACS  HRAT. 


66.000 
48.  OM 

»:oM 

0.00173 1.3, 000 
0.0016  '  M.040 

14.00 

IT.  88 

4L9 
2L8 

'S?EU!,5Slr5^» 

»I,0» 

83.  CM 

OMM. 

68.880 
3.88 

20,38 

87.9 

" 

117 

12  68 

14.S 

r,'Z 

56,500 
87,500 

57.000 
80,000 
53. 0» 

47.000 

31.0 

tin 
17. « 

41.8 
84.8 

88.8 

0.  ooi9ga,ioi!  iw 

0.001«^S3,048 
t.OOI4W  03, 100 

■8,888 

'Tw-rys's 

19.87 

88.9 

■tS 

3.86 

«.M 

8.81 

1L46 
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ConkpreuUm  tett^.—WhUtoarlh  tUel  cjflMler  (aU-Umpered)  recHted  far  mperimmtal  pmr 

inckei  in  Iwgikf  and  0.50 

OBIOINAL  QUAX.1 


Marks  on  8p«oimeD8. 


Compression  two  por  iiMdft 


0.0018 


0.00186 


0.0014 


0.00145 


0.0015 


0.0016& 


Load  per  sqosre  Insh  of  cross* 


(Original  specimen  ring.) 

If.,  tsngentisi  outside,  5.0  inch 

K.,  tangential  inside,  6.0  inch 

IC.,  radial,  4.0  inch 

N.,  radial,  4.0  inch 

Means 


Lbt. 
44,000 
44,000 
42,000 
40,500 

Lbt. 

45,825 

46^000 

48,500 

42,500 

Ltn, 

46^000 
47,000 
46,500 
4^000 

Lbt. 

47,000 

4ts000 

47,600 

46,250 

Xftt. 
40,000 
50,000 
48,825 
47,000 

Xte. 

52,000 
48,825 
47,500 

42.625 

44,380 

45.875 

47,190 

48,580 

QUAUTIBS  APTEB  BBMOTAL  (BT  CITTTIlira)  FBOK 


(Specimen  ring  C.) 
G  J*!,  tsnsential  oatside.  5.0  inch 

46,000 
42,000 
37,860 

48,000 
43,000 
80,285 

49,500 
44,000 
41,000 

51,000 
45,000 
42,500 

62,000 
46,000 
44^000 

58,500 
47,760 
46,000 

G  Jib  tangential  oatside,  5.0  inch 

G  Ji. taoffential ontslde. 5.0 inchr . ..,.,,t...*. 

Means 

41,056 
1.6 

48,480 
2.0 

44,865 
2.2 

46,165 
2.17 

47,385 
2.55 

40,065 

Mean  loss  percentage  of  original  qualities — 
iffAAm  ara.in  TMkr(iaiita<rft  of  orifflnal  nnslitlMi. .  . . 

QUALITIES  AFTER  BEMOTAL  FROM  SHRINKAGE  BT 


(Specimen  ring  A.) 

Ii.  BX.,  tangential  outside,  6.0  inch 
K.  sx.,  tangential  inside,  5.0  inch . 

ir.  BX.,  radial,  8. 04  inch 

P.  BX.,  radial,  3. 94  inch   


Means 

Mean  loss  percentage  of  original  qualities. 
Mean  gain  percentage  of  original  qualities . 


48,338 
45,000 
42,500 
43,338 

45,000 
46,875 
48,760 
45,000 

46,666 
47,750 
45,000 
46,833 

48,838 
49,125 
46,250 
48,666 

60,500 
50,500 
47,500 
60,500 

52,000 
52.000 
48,750 
52,500 

48,541 

45,081 

46,662 

48,003 

49,750 

51, 812 

2.14 

L58 

L47 

1.01 

0.85 

# 
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jNMM  at  Wmi  Foini  F^undr^,  Jwe  13, 1884.    TrntgenHal  und  rtUUal  ipeeiwm*  b  and  A 
9quar9  inch  arouseelion. 


TIBS  or  METAL. 


of  length. 

4. 

1 

H 

Per  inoh  st  elas- 
tic limit. 

tntimate 
strength. 

Bemarkfc 

• 

0.0016 

0.00165 

a  0017 

0.00175 

•eetiofn. 

Xte. 

Lbt. 

LU 

H». 

Lba. 

40,000 
50,000 
57,000 
54,000 

0.0015 
0. 001775 
0.0018 
0. 001788 

Lba. 

4 

Rapid  deflection  at  50,000. 
Rapid  deflection  at  60,000. 

Ghaye  snddenly  at  64,000. 

62,060 

50. 50O- 

53,600 
52,500 
51.500 

56^000 

64.000 

•53,000 

6t,000 
56,250 

40,000 

54,750 

0.001702 

XXPBBDfXKTAL  SECTION  S-INCH  B.L.8TBEL  RIFUI. 


56,000 
60,000 
47.500 

56,000 
61,000 
48,000 

57.000 
52,000 
60,000 

67,000 
55,000 
58,000 

0.0017 

0.001825 

0.00105 

88.760 
87.840 
87,020 

53,500 
51,500 

60,836 

62,000 

58,000 

• 

66,666 

0.001825 

88,175 

******* 

t 

8.5 

7.2 

\  Triple  flexure;  bent  ISO^  without 
i    fractnre. 
Triple  HexnrB. 


APPLICATION  OF  A  VERY  HIGH  FITRNACE  HEAT. 


68.000 
54.000 
60,000 

64,000 
65^000 
51,000 

66,000 
56,500 
52,000 

56.500 
58,000 
58,000 

67,000 
61.000 
58,000 
54,000 

0.00186 
0.00185 
0.00175 
0.00160 

80,200 
102,100 
101,600 
101,600 

66,250 

0.001762 

98,625 

2.78 

8.62 

• 

Triple  fleznre. 
Da 
Bo. 
Do. 
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In  the  teDsion  and  compression  tests  from  original  specimen  ring  (speci- 
men ring  A)  we  have  a  fair  exhibit  of  the  effect  of  the  high  farnace  heat 
upon  the  qualities  of  the  metal.  Under  the  tension  tests  there  is  an  ap- 
preciable loss  of  elastic  strength,  but  there  is  a  gain  in  ultimate  strength 
and  ultimate  extension  and  a  greater  reduction  in  area  after  repture. 
Under  the  compression  tests  there  is  again  throughout,  and  thespecimens 
fitood  better  after  passing  the  elastic  limit.  It  must  be  remembered, 
moreover,  that  there  should  have  been  expected  a  certain  loss  of  elastic 
strength  in  the  metal  under  tension  tests,  due  to  the  fact  that  the  cyl- 
inder was  in  an  intermediate  stage  subjected  to  shrinkage  upon  the 
wrought-iron  tube.  The  tension  tests  from  specimen  ring  B  show  a  very 
slight  variation  from  the  original  qualities,  but  rather  a  gain  than  a 
loss.  This  ring  being  remote  from  the  original  one  does  not  justify  &  di- 
rect comparison  of  the  results,  yet  these  specimens  were  taken  from  the 
extremity  of  the  cylinder,  which  was  exposed  to  the  greatest  heat  of  the 
furnace,  and  where  the  surface  of  the  metal  was  heated  to  a  dull  red. 

In  regard  to  the  principal  object  of  the  experiment,  therefore,  it  may 
be  stated  that  the  quahty  of  tempered  Whitworth  gun  steel  is  not 
seriously  injured  by  subjecting  the  metal  to  a  very  high  furnace  heat 
for  a  brief  period ;  or,  to  be  more  explicit,  the  quality  of  the  metal  in  this 
case  was  not  injured  by  the  white  heat  of  a  furnace  applied  a  sufficient 
length  of  time  to  raise  the  outer  surface  of  the  metal  to  a  dull  red  heat. 

On  the  other  hand,  this  experiment  shows  that  it  cannot  be  expected 
to  preserve  the  original  dimensions  of  the  bore  of  the  cylinder  under  such 
circumstances.  The  deformation  of  the  bore  may  probably  bn  regu- 
lated to  a  certain  extent  by  the  position  of  the  cylinder  whilst  cooling, 
yet  a  considerable,  if  not  an  unequal,  amount  of  contraction  may  be  an- 
ticipated throughout  the  bore.  In  cases,  therefore,  which  arise  in  prac- 
tice, where  it  is  desired  to  reassemble  the  cylinder  in  the  same  place 
from  which  it  is  removed  from  shrinkage  by  the  application  of  a  high 
furnace  heat  (or  other  heat,  such  as  molten  cast  iron)  it  is  recommend- 
ed that  the  cylinder  should  be  reassembled  at  the  same  heat,  or,  if  this 
is  not  expedient,  that  it  should  not  be  allowed  to  cool  until  such  assem- 
blage is  made.  By  this  means  the  deformation  of  the  cylinder  will  be 
prevented,  and  in  the  final  shrinkage  the  heated  fibers  will  adjust  them- 
selves (having  lost  little,  if  any,  of  their  original  strength)  under  the 
resistance  offered  by  the  interior  body  upon  which  the  cylinder  is 
shrunk.  In  all  cases  it  is  understood  that  the  heating  of  the  metal 
should  be  made  as  nearly  uniform  as  possible  throughout  the  cylinder. 
Very  respectfully, 

E.  BIENIE,  Jr., 
JLdeutenant  of  Ordnance^ 


PLATE  J. 


I 


i 


> 


*^  I„  jH*!?V;!p.?!?????^  -.  J-I  _"1 


$1 

i 


•9 


g 


I- 


,.« 


ir; 


i9 

Tim 


lis: 


§1  f^tn.  U9^m 


$1—11 


H  Exl  pl2  v3  49 1 


nrc  i 


» 


s& 


n 


7, 
i 


PLATE  11. 


JhU^AmA* 


Appendix  32. 


ANNUAL  REPORT  OF  CAPT,  D.  A.  LYLE,  INSPECTOR  OF  ORDNANCE  AT 
THE  SOUTH  BOSTON  IRON  WORKS,  BOSTON,  MASS.,  FOR  THE  YEAR 
ENDED  JUNE  30,  1«85. 

(1  plate.) 

The  Chief  of  Ordna^nce,  U.  S.  Army, 

W(i8hingtony  2>.  0. : 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  oper- 
ations undertaken  for  the  Ordnance  Department,  XT.  S.  A.,  by  the  South 
Boston  Iron  Works  during  the  fiscal  year  ending  June  30, 1885. 

During  this  period  the  fabrications  given  in  the  subjoined  list  have 
been  undertaken  or  have  been  in  progress. 

List  of  fdbrioationa. 


Orders  or  oontraots  for 
fRbrication. 


UnflniBbed  at  boglnniog  of 
flaoalyean 


Seceired  daring  the  flscel 
year  ending  Jane  80, 1885. 


Date  of  order 
or  contract. 


JolyU,  1883 
Sept.  10,  1883 

Sept.  24,  1883 


Dec.  12,  1883 
Apr.  2,  1884 
Jane  80,  1884 

Jane  30,  1884 

Jane  30.  1884 
Jnne30,  1884  > 
Apr.  22,  1886  5 
Aag.l5,  1884 

Anff.26.  1884 
Not.  28,  1884 

Deo.  1,  1884 
Jan.  0,  1885 
Jan.  20.  1885 
Apr.  3.  1885 
Kar.17,  1885 


Fabrication. 


1.  Conversion  of  one  6.5*incb  Mann  B.  L.  R.  from  a  lO-lndi 
Rodman  S.  B.  gun. 

2.  Converaion  of  one  8-inch  Yates  B.  L.  R  from  a  10-inch 
Rodman  S.  B.  gan. 

Cast-iron  bodies  for : 
8.  One  12-inch  M.  L.  mortar  hoop«d  with  steel. 

4.  One  10-inch  wire- wrapped  B.  L.  B. 

5.  One  12-inch  cast-iron  B.  L.  R. 

0.  One  12-Inch  B.  L.  R.  hooped  and  tabed  with  steeL 

7.  One  12-inch  B  L.  R.  with  wire- wound  steel  tabe. 

8.  500  solid  shot  for  15-iuch  Rodman  S.  B.  gnns. 

9.  Experimental  cylinder  for  12-inch  K.  L.  R.  mortar. 

10.  Finishing  and  assembling  12-inch  M.  L.  R.  mortar. 

11.  Finishing  and  assembling  12-inch  B.  L.  R.  hooped  and 
tabed  with  steel. 

12.  Finishing  and  assembling  12-inch  tabed  rifles. 

13.  Experimental  cylinder  for  12-inch  B.  L.  R.  hooped  and 
tabed  with  steel. 

14.  Test  specimens  from  experimental  cylinder  for  12- 
inch  mortar  after  unhooping. 

15.  Test  specimens  from  12  inch  cast-iron  B.  L.  R. 

16.  Wooden  model  for  12-inch  cast-iron  B.  L.  R.  for  obtain- 
ing center  of  gravity. 

17.  1,000  8-inch  Batler  chilled  shot. 

18.  Wooden  models  for  8  and  10  inch  B.  L.  R.,  steel. 
10.  50  8-inch  Batler  sabots  for  B.  L.  projectiles. 

20.  10  8-inch  Batler  shilled  shot. 

21.  4  8-inch  Winslow's  nitro-glycerine  shell  (for  Ordnanoe 
Board). 


Of  the  a})ove  list  the  following  numbers  have  been  completed  and 
special  reports  already  made  to  the  Ordnance  Office,  viz:  Nos.  1, 2, 3. 4. 
fi,  8,  9,  10, 13, 14,  16, 16, 17,  18,  19,  20,  and  21. 

The  unfinished  work  at  the  close  of  the  fiscal  year  comprises  Nos.  6, 
7, 11,  and  12,  relating  to  the  12-inch  hooped  and  tubed,  and  to  the  12- 
inch  tubed  B*  L.  rifles. 
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In  addition  to  the  reports  noted  above,  Lieot.  H.  D.  Bomp,  Ordnanoe 
Department,  U.  S.  A.,  assistant  inspector  of  ordnance,  has  made  and 
submitted  exhaustive  reports  npon  *^  The  Use  of  Petroleum  as  Fnel^^anct 
the  <<  Hotchkiss  Bevolving  Gannon." 

I.— 12.INCH  HOOPED  AND  TUBED  B.  L.  R. 

1.  The  cast-iron  body. 

The  body  is  ready  for  the  reception  of  the  steel  tube.  The  interior 
cavity  for  the  tube  is  counterbored  to  the  finished  size  and  the  screw- 
thread  at  the  breech  has  been  cut.  The  bore  in  front  of  the  tube  has 
been  reamed  up  to  a  diameter  of  11.95  inches,  or  0.05  inch  less  than 
the  finished  bore.  The  remaining  .05  inch  will  be  finished  simulta- 
neously with  the  bore  of  the  tube. 

Since  the  body  has  to  be  placed  muzzle  downward  in  a  pit  for  the  in- 
sertion of  the  steel  tube,  a  cylindrical  mass  has  been  left  on  the  muz- 
zle for  the  gun  to  rest  upon  in  the  pit  and  to  secure  a  larger  bearingsur- 
fiace  at  the  muzzle.  To  prevent  injury  to  the  exterior  surface  from  in- 
dentations or  any  accident  in  handling  during  the  tubing  operations  an 
excess  of  metal  has  been  left  upon  the  body,  as  follows : 

1. — ^Ghase-diameter  0.9  greater  than  finish  size. 

2. — Shoulder  in  front  of  hooping  about  1  inch  too  long. 

3. — Hooping  surface,  diameter  0.6  inches  greater  than  finish  size. 

2.   WhitKorth  steel  tube. 

This  tube  was  received  from  Sir  Joseph  Whit  worth  &  Co.  February 
9, 1885.  It  has  been  bored  to  a  diameter  of  11.9  inches  and  rough 
turned  to  within  0.5  inch  of  the  finished  diameter.  The  company  are 
awaiting  the  results  from  the  experimeutal  cylinder  and  the  determina- 
tion of  the  shrinkages,  in  order  to  proceed  with  the  finished  turning  of 
the  exterior  of  the  tube. 

3.  Midvale  steel  hoops. 

All  the  hoops,  except  two  not  yet  received  from  Midvale,  are  bored 
and  faced,  and  are  ready  for  application. 

4.  Breech  mechanism. 

The  several  parts  composing  the  breech  fermature  are  completed,  ex- 
cept the  final  fitting  and  some  alterations  ordered  after  the  parts  were 
nearly  finished. 

II.— 12-INCH  B.  L.  RIFLE  WITH  WIRE- WRAPPED  STEEL  TUBE. 

1.  The  wire-wound  steel  tube. 

The  tube  was  made  by  Sir  Joseph  Whitworth  &  Go.,  and  has  been 
sent  to  Watertown  Arsenal  to  be  wound  with  wire  and  prepared  for  in- 
sertion. 

2.  The  steel  breech  bushing.  ^ 

This  is  to  be  screwed  in  to  hold  the  steel  tube  in  place  and  to  pro- 
vide a  seat  for  the  French  interrupted  screw  fermature.  It  has  been 
rough- turned. 
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3.  Breech  mechanum. 

'   The  several  parte  of  this  meohanism  are  nearly  completed  and  are 
ready  for  final  fitting. 

4.  The  ioait-iron  bodjf. 

■ 

Two  castings,  breech  down,  have  been  made  for  the  body,  both  of 
which  have  b^n  rejected.  The  company  are  preparing  to  make  a  ihird 
casting,  breech  np,  Uie  Chief  of  Ordnance  having  granted  permission 
to  employ  that  method  for  this  casting. 

6.  First  ecuting^  12-tficft  tubed  B.  L.  rifle. 

The  first  attempt  to  cast  the  12-inch  tnbed  rifle  was  made  Jnly  9, 1884. 

(a)  AniAea  charge$, 
[Btnhmwid  iroo  wuA.] 


Grade  of 

iftNI. 

Fnmacea. 

1^0.1. 

iiro.2. 

Ko.8. 

TotaL 

K©.2 

2lo.8,aoft  .. 
No.  8,)iard*. 
A-cmelted... 

Total.... 

PoundM. 
18,668 
17.668 
21,906 
26,666 

Pound$, 
18,688 
17,668 
21,988 
26^666 

80,000 

Poundt. 
18,668 
17,668 
21,888 
26,666 

Poundt. 
41,004 
63.004 
68.994 
79,988 

80,000 

80,000 

240,000t 

*01aeaed  at  this  foumdry  aa  No.  4  Blehmond. 
tXqnal  to  107.1  tons  of  2,240  tons  of  each. 

(b)  Coalu$0d. 

The  quantity  of  coal  ased  in  melting  was  not  given  by  the  cx>mpany, 
bnt  it  is  presumed  that  it  amounted  to  about  45  or  50  tons.  The  former 
quantity  was  reported  by  the  company  as  used  in  melting  the  iron  for 
the  second  casting,  which  contained  6,000  pounds  more  metal. 

(o)  Details  of  meltimg  aud  oa&Hng, 


Fnznaoe. 

lighted  at, 
y8,1884. 

^t 

'J 

Is- 

t 

Iron 
Jal 

I5 

p.fn. 

1    a.m. 

h.im. 

p.m. 
12.12 

p.m. 
12.22 

No.1 

9.80 

\           9 

812 

Ha2 

a  15 

!          9 

8  16 

12.16 

12.26 

Na8 

9.80 

9 

1 

820 

12.20 

12.40 

Water  turned  on  in  oore-batrel  at  12.11  p.  m.  Joly  9, 1884. 

>Iold  filled  at  12.40  p.  m-Jnly  9,  1884. 

Time  ooeapled  In  easting,  28  minates. 
Tempttratare  of  water  entering  oore-barrel  at  12.40  p.  m.... 
Temperature  of  water  leaving  oore-barrel  at  12.40  p.  m  


IMffNenee  ■•••••.........■..■■..  ................... 

Flask  barst  between  1  p.  m.  and  1.30  p.  m.  July  9, 1884. 
Casting  loot  Jnly  9, 1884. 


o 

70 

106 
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6.  Loss  of  first  acting. 

The  metal  was  all  poured  by  12.40  p.  m.  About  1.30  p.  m.  the  third 
section  of  the  flask,  estimating  iirom  the  bottom,  broke,  and  allowed  the 
molten  metal  to  escape  and  flow  around  the  lower  part  of  the  flask 
and  fill  the  bottom  of  the  pit.  In  its  downward  rush  the  swash  of  the 
metal  struck  the  month  of  one  of  the  air-flues  in  the  side  walls  of  the 
pit,  and  threw  a  jet  of  molten  metal  to  the  roof  of  the  foundry,  setting  it 
on  fire.  ^ 

The  fire  destroyed  the  roof  and  charred  the  rafters,  joists,  and  the 
wood  work  of  the  large  cranes.  The  damage  by  fire  was  inconsiderable, 
and  was  covered  by  insurance.  I  understood  at  the  time  that  the  in- 
surance company  or  companies  repaired  the  damaged  buildings  them- 
selves without  expense  to  the  South  Boston  Iron  works.  On  July  2& 
the  mass  had  cooled  down  sufficiently  for  examination,  and  it  was  found 
that  the  third  section  from  the  bottom  had  been  ruptured.  On  July  30 
(see  my  letter  to  Ohief  of  Ordnance  bearing  that  date)  Mr.  Wood,  the 
foreman  in  the  ordnance  foundry,  reported  to  me  that  he  believed  the 
rupture  was  due  to  the  breaking  of  the  clamps  on  the  third  section, 
and  that  part  of  one-half  of  third  section  of  flask  has  broken  diagon- 
ally, due  to  the  pressure  of  the  iron.  Upon  inspection  his  opinion  ap- 
peared to  me  to  be  reasonable.  The  broken  part  of  the  half  section 
appeared  to  have  given  away  at  the  bottom  of  the  section  (third),  and 
been  bent  outwards,  rupturing  the  half  section  diagonally  and  per- 
mitting the  iron  to  escape.  This  portion  of  the  flask-section  was  found 
.  with  its  convex  side  tnmed  upward,  thus  indicating  that  it  had  given 
way  first  at  the  bottom.  The  clamps  were  probably  old — some  made 
of  cast  iron  and  some  of  wrought  iron. 

A  clamp  might  have  been  cracked  slightly  before  it  was  put  on,  and 
might  not  have  been  noticed  even  by  the  most  careful  workman.  Aa 
the  flask  held  for  one  and  a  half  hours,  it  is  not  improbable  that  the  ex- 
pansion due  to  the  heat  may  have  had  something  to  do  with  the  break- 
ing or  slipping  off  of  the  clamps,  if  that  was  the  cause  of  the  accident. 

At  first  I  attributed  the  accident  to  weakness  of  the  flask  and  the 
heavy  head  of  molten  metal,  but  on  further  reflection  I  am  inclined  to 
the  opinion  that  one  or  more  of  the  clamps  must  have  given  way.  I  am 
informed  that  the  b  eakiug  of  clamps  had  occurred  in  former  years. 

!No  person  can  state  positively  the  exact  cause  of  the  disaster. 

The  company  informed  me  that  they  were  going  to  make  the  new 
sections,  to  replace  those  lost,  with  walls  3  inches  thick  instead  of  2^ 
inches. 

Kearly  all  of  the  core-barrel  was  saved. 

The  jet  of  melted  metal  that  ignited  the  roof  knocked  off  the  hose 
that  supplied  the  core-barrel  with  water,  so  that  not  more  than  4,000 
gallons  of  water  had  been  expended. 

The  molten  metal,  after  escaping  from  the  ruptured  section  into  the 
pit,  surrounded  the  lower  sections  of  the  flask,  and  melted  the  whole 
together  so  as  to  form  a  solid  mass  in  cooling. 

The  casting  formed  a  huge  cheeae-like  disk  in  the  bottom  of  the  pit,  and  was  very 
difflcnlt  to  remoye.  It  was  about  10  feet  in  diameter,  7  or  8  feet  thick,  and  weighed 
abont  140  tons.* 

The  time  between  July  26  and  September  1  was  employed  by  the 
company  in  making  preparations  to  raise  the  mass  from  the  pit.    The 

*'*  Casting  of  heavy  gnns  at  8o«th  Boston,"  by  Capt.  D.  A.  Lyle.  (See  ''  Abstraoi 
of  Proceedings  of  Society  of  Arts  of  Massachusetts  Institute  Technology/'  1884-1886, 
p.  93. 
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first  attempt  was  made  September  4, 1884,  bat  the  mass  was  not  clear 
of  the  pit  until  some  time  daring  the  week  ending  October  4, 1884. 

7.  Larraway^s  method  of  hoisting  mass  from  pit 

(Plate  I.) 

The  removal  of  this  mass  from  the  pit  was  a  difficult  undertaking.  Mr.  Larraway, 
a  very  able  mechanical  engineer,  who  is  superintending,  the  construction  of  some 
harrel  machinery  at  the  foundry,  conceived  the  idea  of  applying  the  pumps,  or  rams, 
of  his  hydraulic  presses  to  raise  it  from  the  pit.  To  do  this  he  constructed  two  side 
frames,  each  consisting  of  a  ground  sill  and  four  uprights,  with  a  tie-beam  at  the  top, 
all  of  heavy  timber.  These  were  set  up  one  on  each  side  of  the  pit.  Upon  these  siae 
fiumea  four  simple  wooden  trusses  were  placed,  each  carrying  three  2i-inch  wrenght-^ 
iron  suspension  rods.  Each  truss  was  trapezoidal  in  shape,  and  had  two  stmts,  in- 
clined in  opposite  directions,  to  support  the  middle  point  of  the  upper  or  compression 
member.  The  twelve  suspension  rods  were  composed  of  enongh  sections  to  reach 
from  the  bottom  of  the  pit  to  the  tops  of  the  trusses.  The  upper  sections  of  each  rod 
had  a  screw-thread  cut  on  their  surfaces  for  about  twelve  feet  of  their  length.  Holes 
were  drilled  in  the  mass  of  metal  and  serew-bolts  inserted,  to  which  the  rods  were 
made  fast. 

Three  rods  on  each  side  passed  up  through  the  side  trusses,  and  the  nuts  on  the 
ends  enabled  the  workmen  to  follow  up  and  hold  any  lift  made  by  the  two  middle 
trusses  and  their  rods,  which  did  the  hoisting.  The  middle  trusses  had  three  sus- 
pension rods  each,  made  fast  to  the  mass  of  iron  in  the  pit,  and  were  raised  bodily  by 
the  pistons  of  the  two  hydraulic  presses  placed  immediately  under  the  opposite  ends 
of  the  tnuses.  The  pressure  was  transmitted  from  the  pistons  to  the  trusses  by 
maasiTe  blocks  of  timber. 

A  small  Baxter  engine  furnished  the  power  to  drive  the  steam-pump  that  forced  the 
water  into  the  hydraulic  presses.  When  the  middle  trusses  had  been  raised  a  vertical 
distance  equal  to  the  stroke  of  the  piston,  the  strain  was  thrown  on  the  side  trusses 
and  their  rods,  the  mid<lle  trusses  lowered,  the  nuts  on  their  rods  being  screwed  down 
at  the  same  time  to  maintain  a  bearing.  A  new  hold  was  then  taken  and  the  action 
repeated  until  the  mass  was  lifted  to  a  distance  equal  to  the  length  of  one  sestion  of 
the  suspension  rods.  One  section  at  a  time  was  ri^oved  consecutively  from  each  rod, 
and  when  all  was  ready  the  lifting  was  repeated  in  the  same  manner  as  before,  until 
the  mass  of  iron  was  hoisted  clear  of  the  pit.  It  was  then  transported  on  rollers  to 
the  yard,  where  it  still  remains.* 

Plate  I,  appended  to  this  report,  gives  a  side  and  end  elevation  of  the 
apparatus  used  by  Mr.  Larraway  in  raising  the  metal  from  the  first 
casting  from  the  bottom  of  the  pit,  and  the  method  of  its  application. 

This  unwieldy  mass  contained  the  metal  from  three  sections  of  the 
flask  and  the  sand  of  the  mold,  besides  the  metal  pertaining  to  the  gun. 

8.  Second  casting  {12-inch  tubed  rifle). 

The  second  casting  for  the  12-inch  tubed  B.  L.  Bifle  was  made  December 
23, 1884.  The  details  relating  to  furnace  charges,  melting,  casting,  and 
the  cooling  table  are  appended,  marked  Table  I. 

This  casting  (weight  109.5  tons)  was  cooled  in  140  hours,  during  which 
time  31,121  cubic  feet  of  water  passed  through  the  core  barrel  and  gun* 
For  the  12-inch  cast-iron  B.  L.. rifle  (weight  108  tons)  157^  hours  were 
required  for  cooling  and  an  expenditure  of  44,234  cubic  feet  of  water. 

The  metallurgic  conditions  appeared  to  be  more  favorable  than  with 
either  of  the  other  guns,  and  the  iron  was  poured  at  an  apparent! j 
satisfactory  temperature. 

The  fracture  of  the  ^'  test  sticks"  from  two  of  the  furnaces  appeared 
a  little  harder  and  more  crystalline  than  was  desired,  but  this  appear- 
ance was  attributed  to  the  rapid  chilling  in  the  wet  sand,  and  it  was 

■■■ ■■■■  -■  ■  I  ■■-  ■■■■■■l_.  »■■■»  I,  Mill  ■■MM».  I  , 

*  Casting  of  heavy  gun  at  South  Boston,  hy  Capt  D.  A.  Lyle.    See  **  Abstract  of 
Proceedings  of  Society  of  Arts  of  Massachusetts,  Institute  Technology/'  1^84-1855,  pp.. 


336         BEPOBT  OF  THE  CHIEF  OF  OBDKAKCE. 

believed  that  the  large  castiag  woald  show  about  the  qaalities  desired* 
The  method  of  asing  test  sticks  is  only  valuable  as  an  approximate  in- 
dex of  the  working  of  the  farnaces  in  the  hands  of  an  experienced  fore- 
man, who  can  judge  of  the  condition  of  melted  iron  by  comparison,  from 
the  knowledge  obtained  in  previoas  trials  with  the  same  iron. 

It  is  a  very  rough  method  at  best,  but  it  is  the  only  one  available  in 
such  work,  on  account  of  the  rapidity  and  ease  with  which  such  tests 
may  be  made. 

The  casting  was  hoisted  from  the  pit  by  February  14, 1885,  and  was 
placed  in  the  lathe  during  the  week  ending  March  7, 1885. 

As  far  as  external  appearances  went,  the  casting  seemed  to  be  a  good 
one. 

9.  CooUng  the  casting. 

The  Bodman  system  of  cooling  from  the  interior  consists  in  having 
an  axial  core  barrel,  through  which  cold  water  is  circulated  to  carry  off 
tiie  heat  firom  the  inside  and  cause  the  melted  metal  near  the  bore  to 
harden  in  concentric  cylindrical  layers,  beginning  on  the  inside  and  ex- 
tending gradually  toward  the  exterior,  thus  bringing  a  strain  of  com- 
pression upon  the  layers  nearest  the  surface  of  the  lK>re.  To  facilitate 
this  operation  and  secure  reasonable  uniformity  in  the  cooling,  it  ui 
necessary  that  the  exterior  of  the  mass  of  metal  be  retained  in  a  molten 
state  as  long  as  possible,  in  order  to  allow  time  for  the  interior  layers 
to  cool  consecutively  and  ^'  set." 

In  order  to  preserve  this  molten  state  for  the  exterior  as  long  as  pos- 
sible, a  Are  is  built  in  the  bottom  of  the  pit  around  the  flask,  to  keep 
the  flask  and  the  air  in  the  pit  around  the  casting  hot.  Just  enough 
draft  is  permitted  to  keep  the  fire  burning.  The  top  of  the  pit  is  cov- 
ered to  regulate  the  draft  and  keep  in  the  heat. 

The  contract  (of  September  24, 1883)  provides  that — 

All  these  castings  shall  be  made  hollow  and  be  cooled  from  the  interior  (except  as 
hereinafter  provided  for  *)  by  a  cnrrent  of  air  or  water,  the  exterior  at  the  same  time 
being  kept  hot  either  by  a  fire  built  around  the  flask  within  the  casting  pit,  or  by  fill- 
ing the  space  between  tnefiask  and  the  pit  walls  with  some  suitable  non-conducting 
material  as  may  be  desired  by  the  Unitea  States.  Specimens  of  the  metal  taken  from 
the  lower  end  of  the  sinking  heads  shall  in  each  case  have  an  ultimate  tenacity  of 
not  less  than  30,000  pounds,  nor  more  than  37,000  pounds  per  square  inch.  The  ex- 
terior dimensions  of  the  rough  castings  shall  be  such  as  to  allow  the  finishing  of  the 
guns  to  accurately  conform  to  the  dimensions  given  on  the  drawings  hereto  attached, 
and  also  to  assure  a  uniform  surface  when  finished ;  and  the  castings  shall  be  sound, 
free  from  cavities,  soft  spots,  and  flaws. 

The  casting  for  the  body  for  the  twelve-inch  breech-loading  rifled  gun,  finished 
in  readiness  wt  the  insertion  of  a  wire-wrapped  steel  tube  and  breech  bushing  shall 
be  made  breech  down,  the  total  weight  of  the  sinking  head  shall  be  at  least  one-sixth 
of  the  total  weight  of  the  rough  gun  casting,  and  the  body  shall  be  finished  accu- 
ratelv  and  completely  on  the  exterior.  The  recess  for  the  tube  shall  be  finiahed| 
bored  in  accordance  with  the  drawing. 

The  Chief  of  Ordnance  directed  that  the  casting  be  made  breech 
down. 

10.  Variations  in  cooling  from  the  Bodma/n  method* 

» 

After  the  accident  with  the  first  casting,  Mr.  Hunt,  president  of  the 
South  Boston  Iron  Works,  attributing  ics  loss  to  the  weakness  of  the 

*  This  exception  has  reference  to  an  alternate  method  for  the  15^inch  hooped  and 
tubed  gun. 
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flask,  and  to  the  fact  that  the  gnu  was  cast  breech  dowu,  proposed  to 
sarroond  the  tiask  with  sand,  well  rammed,  as  high  as  the  tranuioDS  in 
order  to  sapport  the  flask.  He  spoke  to  me  in  regard  to  this  project, 
and  I  stated  that  I  coald  not  authorize  snch  a  departure  from  the  recog- 
nized methods  of  casting;  that  I  feared  the  rapid  absorption  of  heat  by 
the  damp  sand  would  cool  the  exterior  too  rapidly.  At  his  suggestion, 
however,  I  wrote  to  the  Ordnance  Office,  explaining  his  proposed  modi- 
fication. 

The  reply  I  received  deprecated  a  departure  from  the  usual  methods, 
and  it  was  remarked  that  in  case  sand  was  used  it  would  be  prudent  to 
have  it  thoroughly  dried.  I  inferred  from  this  reply  that  the  Depart- 
ment did  not  intend  to  give  any  additional  instructions,  and  intended 
to  abide  by  the  provisions  of  the  contract  and  leave  the  subject  of  the 
manipulation  to  the  responsible  founder,  who,  when  president  of  the 
South  Boston  Iron  Company,  in  his  letter  to  the  Committee  on  Naval 
Affairs,*  dated  February  27,  1882,  says,  in  speaking  of  the  subject  of 
gun  construction : 

Aa  a  specialty,  we  have  devoted  years  of  practical  labor  and  thought  to  this  ques- 
tion, and  believe  that  the  accnmnlated  experience  of  forty  years  justifies  our  speak- 
ing with  proper  confidence  upon  the  subject  now  claiming  your  attention. 

And  who,  again,  in  his  letter  to  General  S.  V.  Ben^t,  Chief  of  Ord- 
.  nance,  U.  S.  A.,  dated  Boston,  January,  1882,  states: 

The  South  Boston  Iron  Company  has  been  actively  engaged  in  the  manufacture  of 
ordnance  for  the  United  States  Government  for  more  than  half  a  century.  During 
this  lonff  period  of  service  its  record  has  been  of  the  highest  character,  and  at  aU 
times  it  has  faithfully  executed  its  engagements  with  the  Government.  It  has  added 
largely  from  time  to  time  to  its  macninery  and  fixtures,  until  it  is  in  condition  to 
fabricate  cannon  of  the  largest  caliber  without  delay,  and  until  the  value  of  its  plant 
is  more  than  a  million  dollars. 

Desiring  to  continue  the  leading  piisition  we  hold  in  the  line  of  our  business,  and 
believing  that  we  have  the  experience  and  ability  at  command  to  successfully  pro- 
duce cannon  of  large  caliber  of  iron  or  steel  from  American  ores,t  &c. 

I  imparted  to  Mr  Hunt  the  misgivings  of  the  Department  and  my- 
self in  regard  to  the  use  of  damp  sand,  or  a  departure  from  Rodman's 
method.  He  then  decided  to  place  a  dry  brick  wall  8  inches  thick  next 
to  the  Mask,  and  ram  sand  exterior  to  this,  so  as  to  support  the  flask. 
In  a  conversation  with  Mr.  Hunt  about  this  wall  I  expressed  the  opin- 
ion that  I  thought  the  wall  better  than  to  put  damp  sand  directly  against 
the  flask,  but  that  I  was  not  satisfied  that  the  brick  and  sand  were  suf- 
ficiently non-conducting  to  be  safe.  Mr.  Hunt  differed  with  me  and 
stated  that  he  thought  the  wall  would  be  a  good  non-conductor  and 
would  keep  in  the  heat.    The  subject  was  then  dropped. 

The  company  placed  the  flask  in  the  pit,  built  the  8-inch  brick  wall 
around  it  as  high  as  the  top  of  the  trunnion  section,  and  placed  a  fire 
in  the  pit  around  the  flask  at  that  point 

The  arrangement  is  fully  illustrated  in  Diagram  A,  which  follows : 

*8ee  ''The  Construction  of  OrdnancCi''  by  William  P.  Hunt,  president  of  the  South 
Boston  Iron  Company,  Boston,  1882,  p.  70. 

tSee  ''The  Establishment  of  Steel  Gun  Factories  in  the  United  States/'  by  Lieut. 
W.  H.  Jaques,  U.  S.  N.,  p.  541.    The  italics  are  mine. — D.  A.  L. 
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DIAGRAM    A. 

SECOND  CASTING. 

12-INCH   TUBED   B.    L.    RIFLE. 

Cast  Dec.  23,  1884. 
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11.  Transverse  rupture  of  second  casting. 

After  adjusting  the  casting  in  the  lathe,  the  sinking  head  and  first 
initial  tension  ring  (A)  were  cat  off,  and  then  gang- tools  were  employed 
to  remove  {lortions  of  the  exterior  by  turning  annular  grooves  in  the 
body.  The  metal  between  these  grooves  was  to  be  w^ged  off.  On 
Saturday,  March  14,  the  workman  noticed  a  slight  crack  in  the  casting 
in  the  bottom  of  the  aunalar  groove,  cut  at  147  inches  from  the  axis  of 
the  trunnions  (or  287  inches  from  the  breech  of  casting),  but  it  was  not 
reported  to  the  inspectors.  On  the  evening  of  March  17  the  casting 
broke  short  off  in  the  lathe.  The  ruptured  section,  shown  in  Diagram 
B,  had  an  exterior  diameter  of  32.125  inches,  and  an  interior  diameter 
of  10.5  inches.  The  exterior  diameter  of  the  casting  at  this  ])oint  was 
46.75  inches;  the  depth  of  the  groove  cut  by  the  tool  was  7.3+  inches. 
The  surface  of  fracture  was  curved  with  the  convexity  turned  toward 
the  breech  of  the  casting.  The  metal  in  the  fractureld  surface  had  a 
brittle  arenaceous  appearance,  white  and  gray  mottled.  -^--'^ ' 

On  April  4, 1885,  a  cut  i  inch  wide  and  6|  inches  deep  was']|made  in 
the  body  at  58.75  inches  from  breech,  when  a  crack  was  discovered. 
The  exterior  diameter  at  the  bottom  of  this  slot  was  43.75  inches. !!  s~  i 

On  April  7  another  cut,  5f  inches  deep,  was  made  at  31.5  inches  from 
the  breech,  and  wedges  driven  in.  The  31.5inch  breech  section  split 
off  with  ease.  The  fracture  was  convex  towards  the  breech,  but  the 
versine  of  the  longitudinal  section  was  only  0.5  inch,  instead  of  about 

DIAGRAM    B. 


-^^fU^ 

Scale:  1»  to  8'^ 

12-inoh  tubed  MMi-iron  B.  L.  R.,  showing  area  of  broken  section,  mptured  Maroli  17. 1885, 147  inches  in 
front  of  axis  of  trunnions,  or  287  inches  flrom  the  breech  of  the  casting. 

two  inches,  as  found  for  first  rupture.  The  thickness  of  metal  ruptured 
was  over  34  inches,  or  a  little  over  17  inches  on  each  side  of  the  bore. 
Fractured  surface,  mixed  white  and  mottled ;  iron,  hard,  sandy-looking, 
very  brittle,  and  crumbling;  grain,  finer  around  core  barrel  than  else- 
where.   The  section  of  April  4,  58.75  inches  from  breech,  was  next 
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wedged  off.  It  broke  with  a  somewhat  irregular  fracture,  a  convexo- 
concave  surface  indicated  in  Diagram  A.  A  basin-shaped  cavity,  2^ 
inches  deep,  was  left  in  the  muzzle  end  at  this  section,  showing  irregu- 
lar strains  at  this  point.  Fracture,  mottled,  with  hard  white  points 
bright  and  lustrous;  metal  apparently  brittle.  Near  the  core,  and  ex- 
tending radially  about  3  inches  from  the  bore,  the  surface  of  the  fract- 
ure was  slightly  discolored  by  rust,  indicating  that  a  crack  had  existed 
there  while  water  was  still  in  the  bore. 

After  the  first  rupture  the  company  began  cutting  the  gun  into 
suitable  sections  for  remelting,  all  of  which  were  wedged  off  with  ease. 
Up  to  and  including  April  18,  1885,  the  casting  had  cracked  trans- 
versely at  eight  different  points  (including  the  first  point  of  rupture) 
while  the  annular  grooves  were  being  cut  and  before  the  resort  to 
wedging  off. 

It  will  be  seen  from  the  foregoing  that  the  Department  provided  for 
two  methods  of  keeping  the  pit  hot;  either — 

(1)  By  means  of  a  fire  placed  around  the  flask  at  the  bottom  of  the 
pit,  or  (2)  by  filling  the  space  around  the  flask  with  some  non-conduct- 
ing material. 

The  company  did  not  adopt  either  of  the  methods  prescribed  by  the 
contract,  but  adopted  and  used  part  of  each ;  that  is,  they  built  a  fire 
in  the  pit  around  the  upper  part  of  the  flask  above  the  trunnions  and 
filled  the  lower  part  of  the  space  between  the  pit  and  flask  with  what 
they  claimed,  and  ^probably  believed,  to  be  a  <^  suitable  non-conducting" 
medium. 

In  order  to  secure,  as  far  as  possible,  uni/orinity  in  cooling  upon  the 
exterior  of  a  casting,  any  person  having  the  slightest  acquaintance 
with  the  principles  and  laws  of  physics,  or  the  art  of  molding,  knows 
that  the  more  homogeneous  the  enveloping  material  throughout  the 
zone  penetrated  by  the  heat,  whether  it  be  gaseous  or  solid,  the  more 
uniform  will  be  the  rate  of  cooling.  The  absolute  cooling  effect  will 
depend  upon  the  densities  and  conducting  powers  of  the  circumjacent 
media,  supposing  the  particles  to  remain  relatively  at  rest  and  not  dis- 
turbed by  currents  of  air,  &c.  Thus,  if  air  be  used  as  the  surround- 
ing medium,  the  rate  of  cooling  and  the  cooling  effect  will  be  very  dif- 
ferent if  the  air  remain  at  rest  from  what  it  would  be  were  the  air  kept 
in  circulation,  the  heated  air  being  removed  and  replaced  by  cold  air. 

In  view  of  these  facts,  it  would  have  been  better,  as  far  as  uniformity 
of  cooling  was  coucerned,  to  have  either  surrounded  the  flask  with  the 
brick  wall  and  sand  all  the  way  up,  or  to  have  built  a  fiie  at  the  bot- 
tom of  the  pit  and  kept  the  flask  sarrounded  by  hot  air  at  as  nearly  a 
uniform  temperature  and  with  as  little  a  current  as  possible. 

The  remarks  regarding  uniformity  of  cooling  are  based  upon  the  sup- 
position, of  course,  that  the  casting  is  a  perfect  cylinder,  without  any 
protuberant  masses.  In  this  casting,  however,  the  breech  end  had  the 
thickest  metal  and  the  chase  the  least  thickness,  but  to  counterbalance 
this  the  thin  metal  was  protected  by  the  greater  thickness  of  dry  sand 
inside  the  flask,  and  would  not  radiate  its  heat  to  the  medium  surround- 
ing the  flask  so  rapidly  as  would  the  thick  metal  at  the  breeeh  with  its 
lighter  protection  of  dry  sand  inside  the  flask.  This  casting  also  had 
masses  projecting  to  form  the  trunnions,  which  would  interfere  with 
the  uniformity  of  cooling  about  that  section. 

The  company,  however,  adopted  a  mixture  of  the  two  methods  of  ex- 
terior cooling.  They  kept  the  air  around  the  top  of  the  flask  hot  for 
a  time;  and  from  the  bottom  of  the  pit  to  the  top  of  the  trunnion  sec- 
tion was  filled  with  the  brick  wall  and  moist  hard-rammed  sand. 
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Any  intelligent  master  molder  could  have  foreseen  that  the  conditions 
were  exactly  similar  to  those  employed  in  casting  chilled  projectiles  or 
chilled  rolls ;  where  the  part  to  be  chilled  is  surrounded  by  a  metallic 
envelope  on  account  of  its  good  conducting  properties  and  the  unchilled 
parts  are  molded  in  sand  or  loam,  which  is  a  comparatively  poor  con- 
ductor of  heat. 

12.  Difficulty  in  molding. 

In  relation  to  the  molder's  task  in  preparing  for  heavy  castings,  Ap- 
pleton's  Cyclopaedia  of  Mechanics,  Vol.  II,  p.  452,  has  the  following: 

The  casting  is  a  very  intricate  process,  reqairing  good  engineering  abilities^ 
skiU  in  drafting,  and  experience  in  the  designs  as  well  as  in  those  who  execute 
the  work.  «  *  •  He  (the  molder)  has  also  to  provide  channels  and  gateways  for 
the  pouring  of  the  metal,  and  they  must  be  so  arranged  as  to  secure  it«  perfect  flow- 
ing to  every  part,  and  as  nearly  as  possible  its  simultaneous  cooling.  Allowance  must 
also  be  made  for  shrinkage,  and  an  almost  infinite  number  of  precautions  suited  to 
particular  exigencies  as  tney  arise  must  be  observed.  The  drafting  requires  great 
forethought  and  calculation,  and  the  execution  not-  only  involves  a  perfect  compre- 
hension of  the  plan,  but  a  constant  vigilance  in  avoiding  errors  and  causes  of  mis- 
carriage. 

The  above  paragraph  indicates  clearly  the  necessity  for  great  pre- 
cautious in  molding.  In  this  case  the  mold  had  a  cylindrical  sinking 
head  (see  diagram  A),  then  tapered  for  a  foot  to  the  neck,  and  had  a 
reverse  conical  surface,  large  end  down,  with  projecting  masses  for  the 
trunnions,  below  which  point  it  was  practically  cylindrical.  A  compari- 
son of  the  dimensions  of  the  mold  and  the  corresponding  dimensions 
of  the  casting  at  the  same  points  is  given  below. 


Point  taken. 


Bottom  of  ojlindrieal  ulnkin^r  head. . . 

Keok,  smallest  part  of  casting 

In  front  of  tninnlons 

maximum  diameter  below  tninnions. 


Pattern. 

Castings.* 

IMameters. 

Diameters. 

Indus. 
46.7 
44.22 
62.71 
50.75 

Inohu, 
45.5 
43.7 
53.75 
-63.75 

Diiferenoe. 


InehM, 
-1.2 
-0.63 
+L04 
+3.00 


*  These  numbers  are  only  approximate,  being  taken  with  coarse  shop  calipers. 

This  shows  that,  if  the  mold  was  well  rammed  and  accurate  (which  it 
apparently  was),  the  casting  contracted  diametrally  at  all  points  ex- 
cept just  above  the  trunnions,  where  it  enlarged  about  an  inch.  This 
enlargement  might  have  proceeded  partly  from  the  straining  of  the 
mold  and  partly  from  the  rude  method  of  measuring  the  casting.  The 
diametral  contraction  was  proportionally  greater  below  the  trunnions. 

In  regard  to  the  amount  of  vertical  contraction  of  the  casting,  no 
data  is  at  hand  by  which  it  can  be  accurately  determined.  The  verti- 
cal contraction  was  probably  not  far  from  one  eighth  of  an  inch  for 
every  16  inches  of  length  in  the  casting,  and  as  the  mold  for  the  cast- 
ing was  462  inches  in  length,  the  vertical  contraetion  would  be  about 
3.6  inches. 

13.  Longitudinal  shrinkctge  strain. 

Ill  my  report  to  the  Chief  of  Ordnance  IT.  8.  A.,  dated  March  18, 
1885,1  stated  that  <Hhe  only  rational  explanation  that  suggests  it- 
self to  me  at  this  writing  is  that  the  great  length  of  the  casting  would, 
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in  cooling,  necessarily  contract  a  good  deal  longitudinally  (vertically), 
and  the  enlarged  cylindrical  sinking  head  at  one  end  and  the  sloping 
body  at  the  other  acted  like  holders  in  a  testing  machine,  and  did  not 
allow  the  metal  to  sink  down,  especially  after  setting  on  the  exterinr.'' 

Mr.  Alfred  E.  Watkins*  says: 

The  difference  in  time  required  to  cool  the  different  parts  of  a  casting 
depends  upon  their  relative  thickness.    •    •    • 

The  thickest  part  of  a  mass  of  molten  metal  always  shrinks  last ; 
and,  ^'as  a  rule,  moldings  should  seldom  be  cast  on  a  column,^  as  they 
tend  to  weaken  it.  Again,  Lieutenant  Bimie,  Ordnance  Department, 
in  speaking  of  the  castings  for  the  2^-inch  bronze  life-saving  guns,! 
says : 

With  castiDgs  Nos.  1  and  2  (the  latter  of  which  was  afterwards  coDdemDed)  a  pattern 
was  used  for  moldine  the  sand- head,  which  had  become  worn  at  the  bottom  by  contact 
with  the  heated  chill,  and  thus  caused  a  shoulder  to  be  formed  in  the  mold  at  the  baae 
of  the  sand-head.  The  injurious  elfect  of  this  was  at  once  apparent  in  the  castings, 
both  of  which  were  cracked  around  the  chase  just  below  the  sand-head,  the  shoulder 
having  acted  to  prevent  the  metal  in  the  sand-head  from  sinking  properly  to  supply 
the  shrinkage  below.    A  new  pattern  was  at  once  substituted. 

The  case  cited  by  Lieutenant  Birnie,  U.  S.  A.,  bears  directly  upon 
this  question.  If  he  found  that  the  slight  shoulder  forming  a  neck 
at  the  top  of  a  casting  about  47  inches  in  length  produced  injurious 
strains  sufficient  to  crack  the  chase,  how  much  more  would  a  shoulder 
at  the  base  of  the  sinking  head  for  a  casting  462  inches  in  length 
be  apt  to  produce  injurious  strains  below  the  plane  of  the  shoulder  f 
Especially  would  this  be  true  when  the  metal  between  this  shoulder 
and  the  trunnions  was  delayed  in  its  contraction  and  shrinkage  by  the 
fire  and  hot  air  around  this  portion  of  the  flask,  while  the  large  bottom 
mass  was  cooling,  contracting,  and  shrinking  away  from  the  half  fluid 
metal  in  the  chase. 

Again,  it  is  a  well-known  fact  that  '<  melted  iron,  when  cooling,  cools 
the  fastest  at  the  bottom  of  the  mold  and  at  the  sides  and  cope  surfaces, 
which  draws  molten  iron  from  the  hottest  or  central  portion  to  supply 
the  shrinkage  of  the  cooling  parts."  This  statement  was  apparently 
verified  in  this  casting,  which  undoubtedly  cooled  more  rapidly  where 
walled  up  with  brick  and  sand  than  it  did  about  the  chase,  surrounded 
by  a  fire  and  hot  air.  That  fluid  iron  was  drawn  from  this  region  was 
shown  by  the  le^s  and  less  convexity  of  the  fractured  surfaces  of  the 
diflerent  sections  as  the  bottom  or  breech  was  approached. 

The  convexity  of  the  surfaces  of  fractuie  was,  in  every  section  except 
the  one  58.75  inches  from  the  bottom  of  the  casting,  turned  toward 
the  breech.  This  exception  exhibited  an  irregular  outline,  and  had  a 
basin-shaped  cavity  on  one  side  with  its  convexity  towards  the  muzzle, 
which  is  attributed  to  the  abnormal  shrinkage  strains  caused  by  the 
fixed  position  of  the  trunnions,  their  inability  to  move  downward,  and 
the  dependent  weight  of  the  breech. 

2Since  the  above  was  written  I  have  run  across  a  very  similar  case, 
cited  by  Captain  (afterwards  General)  Kodman,  in  "Metals  for  Gannon," 
page  127,  which,  from  its  pertinence  to  this  subject,  I  have  transcribed 
entire : 

The  above  data  show  the  metal  in  the  West  Poiut  guu  to  be  more  deuse,  of  much 
snreater  stiength,  mon*  elastic,  and  much  more  iucompreiseible  than  that  in  the  Fort 
Pitt  gun,  and  of  almost  equal  ultimate  exteubibilitj ;  or  that  it  is  superior  in  every 
quality  except  one,  and  but  slightly  inferior  in  that.    Yet  the  endurance  of  the  Fort 


*  Article  on  **  Casting, ''  in  Appleton's  ^*  Cyclopedia  of  Mechanics/'  Vol.  I,  p.  336. 
tHeport  of  Chief  of  Ordnance  U.  S.  A.,  1884,  p.  392. 
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Pitt  g^n  was  more  than  double  that  of  the  West  Point  gnn.    In  other  words,  the 
in/ertor  metal  makes  the  superior  solid  cast  ii^an. 

Btartliugly  aT^snrd  as  this  conclusion  appears,  it  is  nevertheless  true,  and  admits 
of  satisfactory  explanation,  in  strict  accordance  with  the  known  properties  of  cast- 
iron. 

The  iron  of  which  these  guns  were  made  was  identical  in  quality  when  it  went 
into  the  melting  furnaces.  The  difference  in  quality,  as  found  in  the  guns,  was 
caused  by  the  difference  in  trt^atment  which  it  received  in  the  furnaces,  and  by  the 
different  rates  of  cooling  to  which  the  guns  were  subjected  after  casting.  The  Fort 
Pitt  furnaces  have  a  stronger  draft,  melt  quicker,  and  "  work  lower,''  or  decarbonize 
their  iron  less,  than  the  West  Point  furnaces. 

The  West  Point  gun  mold  was  rammed  up  in  green  or  moist  sand  to  a  point  above 
the  trunnions,  that  part  of  the  mold  containing  the  chase  of  the  gun  being  entirely 
uncovered. 

The  Fort  Pitt  gun  mold  was  placed  in  a  closely  covered  pit,  which  had  been 
previously  heated  b^  fire,  and  in  which  a  moderate  fire  was  burning  at  the  time 
of  casting,  and  continued  to  burn  for  some  time  after. 

Green  or  moist  sand  is  a  very  good  conductor  of  heat,  owing  to  the  evaporation  of 
the  moisture  which  it  contains.  It  is  well  known  that  a  body  will  cool  much  more 
rapidly  in  the  open  air  than  in  a  closely  covered  pit,  even  without  any  application 
of  heat  from  other  sources. 

ThAre  can  be  no  doubt,  thereibre,  that  the  West  Point  gnn  cooled  more  rapidly  than 
the  Fort  Pitt  gun,  nor  that  it  was  composed  of  higher  or  more  decarbonized  iron. 
Now,  it  is  well  known  that  the  higher  the  iron  and  the  more  rapidly  it  is  cooled  the 
greater  will  be  its  contraction  in  cooling. 

It  is  equally  well  known  that  the  greater  the  contraction  of  the  iron  the  more  liable 
is  the  casting  to  be  strained  in  cooling ;  and  in  no  case  is  this  danger  more  imminent, 
or  the  strain  produced  more  certain  to  be  injurious,  than  in  cooling  from  the  exterior 
guns,  hydraulic  cylinders,  &c.,  of  large  diameter.  For  (for  the  reasons  given  in  my 
letter  to  Colonel  Craig,  hereto  appended,  page  93)  the  strain  due  to  contraction  in 
cooling  is  sure,  in  these  cases,  to  act  in  concert  with  the  bursting  force. 

There  can  be  no  doubt,  therefore,  that  the  superior  qualities  which  the  iron  in  the 
West  Point  gun  has  been  Bhown  to  possess  were  more  than  neutralized  in  the  gnn  by 
the  greater  strain  to  which  it  was  subjected  in  cooling;  but  additional  support  of 
this  conclusion  is  found  in  the  less  enlargement  of  the  chamber  of  the  West  Point 
than  that  of  the  Fort  Pitt  gun,  when  first  discovered  to  be  cracked,  in  proportion  to 
the  ultimate  permanent  set  which  the  iron  would  undergo  from  a  state  of  perfect 
freedom  from  strain. 

III. — PHYSICAL.  PROPERTIES. 

1.  Initial  tension. 

From  the  casting  for  the  12-iDch  tabed  rifle,  three  initial  tension  rings 
will  be  taken,  which  will  be  marked  respectively  A,  B,  and  G. 
They  will  be  taken  as  follows : 

A,  30  inches  from  the  mnzzle. 

B,  0  inch  from  the  muzzle. 

These  two  have  already  been  cat  from  the  casting, 

C,  22  inches  from  the  breech. 

The  specimens  taken  from  these  rings  will  be  sent  to  Watertown 
Arsenal  for  test,  and  the  results  may  be  inserted  hereafter  in  their 
proper  place.  The  positions  of  the  specimens  in  the  rings  are  shown  iu 
diagram  G.  In  order  to  lay 'before  the  Department  the  principal  data 
relating  to  the  initial  tensions  of  the  castings  made  here  under  this 
contract,  for  direct  comparison,  a  tabular  statement  has  been  prepared 
and  is  appended,  marked  Table  II. 
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Diagram  G. 

[12-moh  steel-tabed  ^  L.  B.    Second  cMting.  ] 


Plan  of  Initial  tension  rinn  ttom  cAat*iron  body  of  12-inoh  tubed  rifle,  showingposition  and  number 
of  teat  apocimena.  Three  diaka:  "A,"  taken  80  inches  ftom  massle  of  gnn ;  "B,"  taken  0  inch  ttom 
mnaale  of  gun ;  "C/*  taken  22  inches  firom  breech  of  casting. 


2.   TEST  SPECIMENS. 

[12-inob  tnbed  rifle.    Second  casting.] 
Number f  kind,  and  dimwHons  of  test  specimens  taken  from  each  initial  fottmii  ring. 


8 
8 
8 

2 
8 


Kind. 


Tenacity 

Tenacity 

Tenacity 

Tension 

Hardness  and  spedflc 
gravity. 


How  taken. 


Where  taken. 


\ 


TangeniiaUy 

Longitudinally  . . .  < 
RadiaUy < 

Tangentially i 


From    fkce    on 
radius. 


1 


Number. 


1 
2 
8 
0 

7 

8 

0 

10 

11 

4 
6 

12 
13 
14 


Position. 


Inside 

Middle 

Outside 

Outside 

Middle 

Inside 

Outside 

Middle 

Inside 

Both  inside 
and  on  op* 
posite  sides 
of  bore. 

Inside 

Middle 

Outside 


Sise. 


Length. 


Inehei. 


! 


8.1 


3.1 


8.1 


'80 


0.5 


Diameter. 


2"  square. 
2"  square. 
2"  square. 

1".76  square. 

1".6. 


*  Between  shoulders. 
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In  addition  to  the  above,  the  following  specimens  were  taken  for  de- 
termining hardness  and  specific  gravity,  viz :  Two  specimens,  A  and  B, 
were  taken  from  opposite  sides  at  the  bottom  of  casting ;  three  speci- 
mens, C,  D,  and  E,  from  thq  trannioD  section  of  the  casting  which  was 
22  inches  in  length,  one  each  from  inside,  middle,  and  outside  of  cross- 
section,  and  three  specimens,  F,  G,  and  H,  from  the  section  where  the 
rupture  of  March  17  took  place.    (See  diagram  A.) 

The  specimens  for  hardness  and  density  will  be  furnished  at  this 
foundry  and  sent  to  Watertown  Arsenal  for  test.  A  table  giving  the 
results  of  the  tests  will  be  appended  hereafter  and  marked  Table  III. 

The  tenacity  and  tension  specimens  will  be  planed  to  the  dimensions 
given  in  the  above  table  and  then  i^eut  to  Watertown  to  be  tested  after 
finish  turning.  The  results  from  the  tenacity  specimens  will  be  found 
in  Table  lY,  to  be  appended  later. 

For  the  information  of  the  Department  and  for  comparison,  a  table 
giving  the  densities  and  tenacities  of  specimens  taken  from  a  10-inch 
rifle  cast  for  the  Argentine  Republic  in  1872  or  1873.  This  gun  (foun- 
dry No.  2341)  was  rejected  on  inspection  for  dijfects  near  the  bottom  of 
the  bore,  and  in  July,  1873,  was  cut  up  into  sections,  as  shown  in  the 
sketch  in  the  table  giving  the  results  of  the  tests  (see  Table  Y  appended 
hereto).  These  results  will  be  useful  for  comparison.  The  casting  for 
this  gun  was  about  the  same  size  as  for  a  15-inch  Rodman  smooth-bore 
gun. 


Table  I. — Statement  of  fabrication  of  ordnance  for  the  service  of  the  United  States  by 
South  Boston  Iron  Worksj  at  the  South  Boston  Foundry ,  under  the  supervieioni  of  CapU 
D,  A,  LyUf  Ordnance  D^artment,  U,  S»  Army, 

[Second  oaating  for  12-inch  wire-wrapped  steel-tubed  gun,  east  December  28, 1884.] 

CHAROB. 

Miehmond  iron  und. 


Grade  of  iron. 


No.  1 

No.  2 

No.  8,  hard* 
No.  8,  soft . . 
Bemelted... 


Furnaces. 


No.l. 


Pounds. 


14.000 
24,000 
17,000 
27,000 


No.  2. 


Pounds. 


14.000 
24,000 
17,000 
27,000 


No.  8. 


Pounds. 


14,000 
24.000 
17.000 
27,000 


82,000 


82,000 


82,000 


TotaL 


Pounds. 


42,000 
72,000 
51,000 
81,000 


246, 000: 
109.8  tons. 


*  Classed  as  **  No.  4  Richmond  *'  at  this  foundry. 


tThe  entire  operation  and  superintendence  of  and  responsibility  for  the  casting  was  under  the  direO' 
tion  of  Uie  fonnaers,  and  the  only  supervision  exercised  by  the  inspectors  was  that  required  by  the 
contract,  so  for  as  it  provides  for  inspections  at  every  sta>ge  of  the  manufacture. 
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Ooal  eonaumedA 


"  Pennsylvanift  gM  coal "  used. 

Furnaces. 

Nal. 

Na2. 

No.  3. 

ToteL 
Tons.  ' 

Meltinic 

Ton$, 

12 

3 

Tom. 
2| 

Tons. 

Fasion ....... ^^-r,^ .,,,,,, 

Totllil  tOTI0  rTT ,-- 

15 

16    1        IK 

45 

f  Bstimated ;  aasiimed  to  be  1  ton  per  furnace  per  hour. 
Oharaeter  qf  test  sticks. 


Fnmaces. 


Iron 


-1 


Nal. 


White  crystal- 
line, sliehtly 
mottled. 


No.  2. 


Dark  cray, 
earthy. 


NaS. 


Grayish  white  crys- 
tallines, lightly 
mottled. 


Basin. 


Gray,  tine,  gran- 
ular. 


BBCORD  OP  CASTING. 


Furnaces  fired,  Deoember  22,  at  8.45  p.  m. 

Metal  down,  December  23,  at  8  a.  in. 

Time  of  melting,  11^  hours. 

Time  in  fusion,  3^  hours. 

Gun  cast,  December  23,  at  11.15  a.  m. 

Time  occupied  in  casting,  36  minutes. 

Temperature  of  water  entering  core-bar- 
rel, 38  degrees. 

Temperature  of  water  leaving  core- barrel, 
71  degrees. 

Rate  or  water  per  minute,  40  gallons. 

Fire  kindled  in  pit,  December  23,  at  11.29 
a.  m. 


Fire  in  pit  went  out,  December  24, 6  a.  m. 

Fire  in  pit  bnrned  18^  hours. 

Water  shut  off,  December  24,  at  10  a.  m. 

Core-barrel  removed  at  10.30  a.  m. 

Water  entered  gun  at  11.30  a>  m. 

Rate  of  water  per  minute,  40  gallons. 

Temperature  of  wat^r  entering  gun,  36 

degrees. 
Temperature  of  water  leaving  gnu  in  27 

minutes,  145  degrees. 
Rate  of  water  cbanged  December  24,  at 

12  m.,  to  28  gallons. 
Total  time  in  cooling  gun,  140  hours. 


COOLING  TABLES. 


Core- 
barrel. 


e 

O 


I 


1 

2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 


Core-barrel  ramoved. 


PI 


9 


71 

71 

70 

70 

70 

69 

68 

67 

66 

66 

66 

65 

65 

65 

65 

64 

64 

64 

64 

63 

62i 

62 


23 
24 
25 
§26 
27 
28 
29 
80 
31 
32 
33 
84 
35 
86 
37 
88 
39 
40 
41 
42 
43 
44 


I     162 

m 

145 
164 
160 
156 
153 
150 
143 
134 
129 
128 
126 
124 
122 
120 
118 
116 
114 
113 
112 
112 


t 

0 

■ 

1 

1 

i 

0 

O 

« 

e 

n 

45 

P 

67 

111 

46 

111 

68 

47 

110 

60 

48 

109 

70 

49 

108 

71 

50 

107 

72 

51 

106 

73 

52 

104 

74 

53 

102 

75 

54 

100 

76 

55 

98 

77 

66 

96 

78 

57 

95 

79 

58 

93 

80 

69 

90     81  1 

60 

88 

82 

61 

86 

83 

62 

84 

84 

63 

82  ;  85 

64 

80 

86 

65 

78 

87 

66 

76 

88 

9 


74 
72 
72 
72 
Ti 
72 
72 
71 
70 
69 
68 
67 
66 
65 
64 
64 
63 
62 
62 
61 
60 
59 


s 

0 

O 


i 


9 
P 


89 
90 


58 
57 


91  ;  56 

92  i  55 


93 

94 

95 

•*96 

97 

98 

99 

100 

101 

102 

103 


54 
54 
54 
64 
54 
54 
53 
52 
62 
51 
50 


104  !  no 

105  50 


106 
107 
108 
109 
110 


50 
50 
50 
49 
48 


HI 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 


o 

m 


183 
134 
135 
136 
187 
138 
139 
ttl40 


42 
42  : 

41  ' 
41 
40 
40  i 
40 


**  Water  rate  ohaniced  to  20  gallons  per  minute, 
t  Water  shut  off  to  remove  core-barrel. 
$9  Care  arbor  removed. 


§  Watei^  rate  changed  to  28  gallons  per  minute. 
If  Water  shut  off,  leaving  bore  filled  with  water. 
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TXNSILK  STRENGTH. 

Speeimena. 

Diameter 

of  apeoi« 

mea. 

An%ot 

OToaa-aeo- 

tion. 

Breaking 

weif^ht. 

Tenacity; 

ponndaper 

aqn»reinoii. 

1 

Inchei, 
1.129 
L129 
1.129 

Ineh, 

1 
1 
1 

29,820 
29,410 
83,180 

29,820 
29,410 
83,180 

2 

8 

IIHTIAL  TENSION. 


IfHfhtf. 

80 
0 


h 


Inehei, 

45.85 

46.125 


S 


3|«« 


Inehst. 
10.95 
10.96 


to 

I 

o 

i 

a 

o 


Inehet. 
3.1 
3.1 


a 
e 

11 
li 


0.31 
0.41 


a 

a 

I 


5 

fl 


? 


o 


a0365 
0.0326 


0.1185 
0.0975 


i 

li 

8*5 


Inehsi. 

142.47+ 
144.9 


P 

A. 

i 

H 

H 


00088174 
00067288 


Tabus  n. — Tabular  statement  of  iniHal  tensiotu  (far  comparison). 


Gon. 

12-inch  M.  L.  B.  mor- 
tar. 

Body,  10-inch  wire- 
wrapped  B.  L.  R. 

12-inch  caat-iron  B.  L.  S 

Where  taken. 

Muzsle. 

InekM. 
82.375 

Experi- 
mental cjl* 
inder  after 

unhoop- 
ing. 

Iffuzsle. 

1 
Breech. 

Mnzsle. 

Breech. 

Bxterlor    diuneter   of   InitiAl 
tenaion  ring 

IncKet. 
31.0461 

Inchet. 
34.125 

Ineket. 
^i  can 

,  Inchst, 
25.76 

Inehst. 
57.16 

Width  of  alot  before  rapture — 
Width  of  alot  After  rupture 

0.511 
0.612 

0.5 
0.571 

0.504 
0.604 

0.506 
0.567 

0.49 
0.5 

0.5 
0.0615 

XHfferenc^f 

0.101 

0.071 

0.101      1    0.061 

0.01 

0. 1615 

Xztenalon  per  linear  inob  of  ex> 
terlor  circumference 

0.000903 
15,750 

0. 0007279 
12,000 

0.00094 
16,100 

0.00061 
13.125 

0.000123 
3,500 

0.0008995U 

Tnltial  tenaion  {iK>unde) .  .....  . 

15,750 

Gun. 

12-inch  hooped  and  tubed 
B.  L.  R. 

12-inch  tubed  B  L.  R. 

• 

Iffuazle. 

Breech. 

Hussle. 

Breech. 

Where  taken. 

A.  80  inchea 
from  muszle. 

B.  0  inch 
from  mnzsle. 

C.  22  inchea 
fh>m  breech  of 

caating 
and  4  Inches 

in  front 

of  breech  of 

gun. 

Exterior   diameter  of   initial 
tenaion  ring 

InchM. 
89.85 

Iiuihet, 
41.8 

Inchet, 
45.35 

Inchtt, 

Inches. 
56.6 

Width  of  alot  before  rupture — 
Width  of  alot  after  rupture 

0.608 
0.554 

0.5 
0.5065 

0.5075 
0.626 

0.4985 
0.506 

0.501 
0.656 

Differnnoe. 

0.046 

0.0065 

0. 1185              0. 0975 

0.155 

Extension  per  linear  inch  of  ex- 
terior circumference 

0.000367434 
7,000 

0.00006009 
2,600 

0.00083174 
15,500 

0.00007288 
18,400 

0.000871M 

Initial  tenaion  (pounda) 
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Table  III. — Densitie9  and  hardncM. 

IBMults  ttom  specimens  taken  teom  second  castinfc  for  12>lnch  tahed  rifle,  ruptured  tranBTera«lj 

March  17, 1885.] 


muszle. 

PoAition  of  specimens. 

t  Inside. 

Middle. 

Marks. 

Density. 

Hardness. 

Marks. 

Density. 

Haidness. 

■ 

1 

A 12 
B  12 

F 

C 
12  T) 
C125 

7.2821 
7.8526 
7.3503 
7.3707 

7.3600 

17.90 
19.18 
19.81 
20.47 

21.17  i 

A  13 
B18 

G 

D 
12  T  I 

cisi 

7.8122 

7.3012 

7.8226 

.  7.2091 

7.8686 

1 

20.03 

ia58 

1&09 
1&28 

17.19 

2 

8/. 

4 

• { 

Mean .... 

7. 34832+ 

19.706 

7.80174 

1&024 

Order  from  i 

muscle. 

Position  of  specimens. 

Outside. 

Mean. 

Marks. 

Density. 

Hardness. 

Density. 

Hardness. 

A  14 
B14 

i 

12  Ti 

C145 
A 
B 

7.2761 
7.3218 
7.8423 
7. 8312 

7.8488 

7.8115 
7.2949 

17.58 
17.53 
17.90 
19.18 

17.53 

16.90   \ 
16.81 

7. 29013+ 
7.3252 
7.3884 
7.30366+ 

7.8576 
7.8032 

1&486+ 
18.48 
18.60 
1&626 

1&896+ 
16.605 

Mean 

5 



7.8Ifl0l4. 

irftSA 

7.810698 

1&6071+ 

JFVom  vfhmc*  taktn. 

No.  1.  Initial  tension  ring  A,  30  inches  abore  musde. 
No.  2.  Initial  tension  rins  B,  0  inch  ttnm  mnssle. 

No.  8.  First  ruptured  section  (March  17, 1875),  147  inches  above  axis  of  trunnions,  or  267  inches  from 
breech. 
No.  4.  Trunnion  section  (rear  end).    Axis  of  trunnions  140  inches  from  breech. 
No.  5.  Initial  tension  ring  C,  22  inches  fh>m  breecb,  or  4  inches  above  rear  face  of  breech  of  gun. 
No.  6.  Bottom  of  breech.    From  exterior  at  opposite  ends  of  the  same  diameter. 

Tablb  IV. — Tenaoity  speoimens  taken  from  the  seoond  (or  ruptured)  oaeHngfor  the  12'ineh 

breeoh-loading  rifUf  lined  with  mre-wrapped  steel  tube. 


Taken  tangentially. 

From  whence  taken. 

No.  I 

(inside), 

in  pounds 

per 

square 

inch. 

No.  2 

(middle), 

in  pounds 

per 

square 

inch. 

No.  3 

(outside), 

in  pounds 

per 

square 

inch. 

Mean,  in 

pounds 

per  square 

inch. 

Position  of  iniUal  ten. 
sion  ring. 

Speoimens  marked  A  and  num- 
oered  as  sbovn  in  table. 
Initial  tension  ring  B:* 

Specimens  marked  B  and  num- 
bered as  shown  in  table. 
Initial  tension  ring  C  :* 

Specimens  marked  C  and  num- 
oered  as  shown  in  table. 

29,820 
80.280 

29,410 
28,900 

88.180 
29,850 

80.803 
29,6766+ 

80  iuches  ttom  mossle. 
0  inch  fhMu  musala. 
22  inches  from  bresob. 

*  Record  of  tests  not  yet  received. 
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Table  IY. — Tenacity  speoimens  taken  from  the  second  oasting^  ^o. — Continned. 


Taken  longitudinally. 

From  whence  taken. 

No.  8 

(inside). 

in  pounds 

per 

square 

inch. 

31,850 
33,700 

No.  7 

(middle), 

in  pounds 

per 

square 

inch. 

No.  6 

(outside), 

in  pounds 

per 

square 

inch. 

34,820 
32,680 

Mean,  in 
pounds 

per 

square 

inch. 

Position  of  initial  ten- 
sion ring. 

Initial  tension  ring  A:* 

Specimens  marked  A  and  nnm- 
hered  as  shown  in  table. 
Initial  tension  ring  B:*' 

Specimens  marked  B  and  num- 
bered as  shown  in  table. 
Initial  tension  ring  C  :* 

Specimens  marked  G  and  num- 
bered as  shown  in  table. 

28,400 
t23. 020 

31, 5233 
30,000 

30  inches  from  muzzle. 
0  inch  from  muzzle. 
22  inches  from  breech. 

Taken  radially. 


From  whence  taken. 


Initial  tension  ling  A:* 

Specimens  marked  A  and  num- 
bered as  shown  in  table. 
Initial  tension  ring  B:* 

Specimens  marked  B  and  num- 
bered as  shown  in  table. 
Initial  tension  ling  G  :* 

Specimens  marked  C  and  num- 
bered as  shown  in  table. 


No.  11 

(inside), 

in  pounds 

per 

sqdare 

inch. 


26,940 
29,700 


No.  10 

(middle), 

in  pounds 

per 

square 

inch. 


f  26, 150 


No.  9 
(outside), 
in  pounds 
per 

square 

inch. 


Mean. 


30,620 


27, 700  I      81, 080 


27,903+ 


29,473 


Position  of  initial  ten> 
sion  ring. 


80  inches  trom.  muzzle. 
0  inch  fh)m  muzzle. 
22  inches  from  breech. 


*  Appearance  of  fracture,  ** granular,  mottled,  resembling  granite." 

t  M^jor  Parker  reports  these  specimens  as  showing  "  very  marked  contrast  between  Ught  and  dark 
oolorea  metal.'* 

Table  V. — Physical  properties  of  lO-inch  riflCf  foundry  No,  2341,  made  for  ih^  Argentine 
Republic  by  the  South  Boston  Iron  Company  ^  and  cut  up  for  test  July  3,  1873,  after  its 
rejection. 


i 


Distance  from  muzzle. 


o 
a 


2 
8 
3 
4 
5 
6 


162  inches 

147  inches,  rear 

182  inches,  front 

No  specimens  taken 

96  inches,  rear 

67.5  inches,  rear 

30  inches,  rear 

0  inches,  middle  of  face. 

2  inches,  porous  spot . . . 


Means 


Specimen. 


No.  1,  inside. 


•e 


7. 3361 
7.2970 
7.3184 


7.2535 
7. 8026 
7. 3023 


7.3016 


a 


32, 708 
33,134 
36,292 


Na  2,  middle. 


No.  3,  outside. 


Mean. 


27,156 
29,344 
35,064 


a 


7.3078 
7.2345 
7.3003 


S 

a 


7.2818 
7.2519 


32,283 


7.2492 


7.2709 


33,279 
32,044 
31,547 


31,469 
27,732 


§ 
P 


o 

a 


7.2864 
7.1966 
7.2911 


7.2849 
7.1870 
7.2004 


26,130 


30,367 


7.3043 


7.2501 


31,490 
23,528 
32,349 


81,833 
24,492 
25, 969] 


,969) 
,'892i 


84 


29,222 


I 


7. 3101 
7.2427 
7.3032+ 


7.2734 
7. 2471+ 

7.2640 


e 

s 

H 


32,492 

29,568+ 

33,396 


80, 152+ 
27,189+ 

30,514 


7.2742       30,624 


*  Beoord  of  tests  not  yet  received. 
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BBCTIOK  I.— BRBBCH  SECTION. 


Positions  of  specimens. 


Diagram  of  face  toward  the 
mnzsle. 


Marks 

on  speci- 
men. 


V 
W 
X 

r 
z 

0 


Mean . . . 


Density. 


7.1888 
7.2726 
7.8201 
7.8172 
7.2711 
7.8257 


Tenacity. 


80,726 
27.061 
84,288 
88,257 
29.290 
85,165 


No  record  fonnd. 


7.28165 


81,780 


Diagram  of  10-inoh  rifle,  showing  method  of  cutting  up  and  taking  specimens. 


Appendix  33. 


THE  SHRINKAGES  AND  THEORETICAL  RESISTANCE  OF  8-INCH EXPERI-- 
MENTAL  STEEL  BREECH-LOADING  RIFLE  NO,  1,  DOUBLE-HOOPED. 

Bt  Libut.  Rogers  Birnik,  Jr.,  Ordnance  Department^  U.  B.  Armt. 

(1  plate.) 

CONTENTS. 

FormnliB:  For  application  ^witb  four  concentric  cylinders. 

For  application  with  three  concentric  cylinders. 

For  application  with  two  concentric  cylinders. 
Section  of  the  powder  chamber : 

First  method  of  solution — state  of  action  considered. 

Second  method  of  solution — state  of  rest  considered.  • 

Section  of  trunnion  hoop. 

Section  between  powder  chamber  and  trunnion  hoop. 
Section  over  breech  of  tube. 
Section  of  the  breech  (screw  recess). 
Effect  of  the  sinele  hoop  A19. 
Section  through  base  of  hoop  Ai. 
Section  through  shoulder  on  Jacket. 
Section  through  front  (within  face)  of  jacket. 
Section  through  middle  of  D  row  of  hoops. 
Section  through  base  of  C  row  of  hoops. 
Section  near  muzzle  end  of  C  row  of  hoops. 
Resistance  of  uahooped  portion  of  gun. 

Summary  table  of  values  of  constants  and  results  of  computations. 
Longitudinal  resistance. 

Section  over  breech  of  tube. 
Changes  in  length  of  tube  and  jacket  due  to  shrinkage. 

The  shriDkages  to  be  used  in  the  actual  constructiou  of  this  gun*form 
the  principal  part  of  the  subject,  these  shrinkages  being  bo  arranged  as 
to  give  a  maximum  value  for  the  resistance  of  the  gun  to  an  interior 
pressure,  except  at  certain  points  within  the  length  of  the  hooping 
where  a  satisfactory  resistance,  less  than  the  theoretical  maximum,  may 
be  utilized,  and  where  this  factor  becomes  subservient  to  other  necessary 
considerations  involved  in  the  construction. 

We  begin  with  the  gun  already  designed,*  and  having  the  form  and 
dimensions  given  in  the  figure.  (See  plate.)  The  computations  here- 
with depend  upon  those  fixed  dimensions  and  the  constant  values  rep- 
resenting the  physical  qualities  which  have  been  determined  for  the 
metals  to  be  used  in  the  construction  of  the  gun  by  extended  tests  of 
specimens  taken  from  the  steel  forgings.  For  a  complete  adjustment 
of  the  shrinkages  it  has  been  thought  proper  to  discuss  their  values  in 
ten  sectional  planes  (see  plate)  intersecting  the  axis  of  the  bore  at 

*  The  desiffn  of  this  gun  was  completed  in  the  Bureau  of  Ordnance,  under  the  direc- 
tion of  the  Chief  of  Ordnance,  U.  S.  Army. 
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right  angles  through  the  hooped  portion  of  the  gun.  The  section  of  the 
powder  chamber,  being  the  most  important,  is  first  considered,  and  the 
remaining  sections  are  taken  up  in  the  order  given  hereafter. 

Advantage  is  taken  of  the  practical  knowledge  obtained  in  the  ex- 
perimental hopping  test  of  a  compound  cylinder  representing  the  cham- 
ber section  of  this  gun  (see  Notes  on  the  Construction  of  Ordnance, 
No.  32),  namely,  the  formulas  here  used  are  the  same  as  those  which 
gave  such  satisfactory  results  in  that  test;  and,  having  in  view  the 
degradation  of  the  physical  qualities  of  the  hoop  metal  subsequent  upon 
that  test,  we  here  use  appropriately  reduced  values  from  those  repre- 
senting the  extreme  elastic  properties  of  the  hoop  metals,  and  make  a 
greater  reduction  for  the  outside  hoops  than  for  those  which  have  an 
exterior  support  in  the  structure. 

The  methods  of  computation  used  are  an  extension  of  those  given  in 
Notes  on  the  Construction  of  Ordnance,  No.  31.  Wishing,  however,  to 
avoid  the  intricate  solution  of  the  problem  for  **  finding  the  maximum 
pressure  that  can  be  supported  (and  all  the  conditions  of  state)  in  a 
gun  assembled  (or  assumed  to  have  been  assembled)  with  arbitrary 
shrinkages,"  as  given  in  Part  II  of  that  Note,  we  have  here  be«n 
enabled  to  substitute  abridged  methods  of  solution  by  considering 
primarily  the  siate  of  the  system  at  rest.  This  is  the  state  of  the  system 
which  is  actually  involved  in  the  construction  of  the  gun,  and  throngh 
the  formulas  given,  supposing  a  given  compound  cylinder  actually 
assembled  with  known  shrinkages,  we  may,  by  measuring  the  actual 
compression  of  the  bore  of  tube  from  the  original,  arrive  at  a  com- 
plete solution  of  the  condition  of  the  system  for  any  state  whatever. 
Eeadily  obtainable  data  is  thus  made  available,  which  is  not  so  if  the 
theoretical  discussion  be  limited  to  a  consideration  of  the  state  of  action. 
The  pressures  incident  to  the  state  of  action  are  available  only  to  be 
considered  as  theoretical  values  which  should  produce  a  certain  theo- 
retical effect.  We  assume  always  that  the  theory  is  true,  but  we  now 
wish  to  abridge  the  methods  of  computation,  and  at  the  same  time  base 
them  upon  data  which  becomes  of  practical  application  in  the  case  of  a 
gun  or  compound  cylinder  already  assembled. 

The  discussions  will  be  found  strictly  confined  to  the  principles 
enunciated  by  Clavarino,  page  7,  Notes  on  the  (construction  of  Ordnance, 
No.  6,  viz :  ^^  The  cylinder  must  be  considered  as  having  reached  the 
limit  of  elasticity  when,  from  the  effects  of  all  the  forces  acting  upon 
any  one  of  its  fibers,  it  undergoes  an  elongation  or  a  contraction  equal 
to  that  which  takes  place  in  the  mechanical  tests  respectively  of  trac- 
tion and  compression;'*  that  is  to  say,  the  forces  acting  upon  the 
elementary  cylinders  composing  a  section  of  the  gun  will  be  limited 
so  that  their  combined  effect  shall  not  produce  an  elongation  or  con- 
traction of  any  fiber  in  excess  of  the  safe  limits  determined  for  such 
displacements  by  the  mechanical  tests  of  the  metal.  The  system  will 
therefore  be  arranged  to  work  within  the  elastic  limit  of  the  element- 
ary cylinder  which  is  most  severely  strained  in  each  separate  section. 
In  this  gun  the  tube  will  be  found  to  constitute  the  vital  cylinder  (as 
regards  tangential  resistance)  until  we  pass  forward  into  the  D  and  C 
rows  of  hoops,  where  the  hooping  becomes  relatively  light  for  the  tube 
and  the  tangential  resistance  of  the  gun  becomes  dependent  upon  a 
suitable  working  tension  for  the  outside  row  of  hoops.  Throughout  the 
whole  of  the  hooped  portion  of  the  gun  the  tube  will  be  found  theo- 
retically weakest  under  radial  compression  ;  that  is,  it  will  reach  the 
elastic  limit  in  this  direction  before  the  full  elastic  tangential  extension 
of  the  cylinder  is  developed.    The  same  is  true  of  the  jacket  except  for 
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the  threaded  portion  near  its  muzzle  end,  whilst  on  the  other  hand  the 
safety  limit  for  all  the  hoops  is  first  reached  under  the  tangential  ten- 
sion to  which  they  will  be  subjected  with  the  system  in  action. 


FORMULAS. 


Taking  the  general  case  of  four  cylinders,  if  the  system  be  considered 
in  actiorij  the  pressures  which  determine  the  elasiic  Hmit  of  the  sepa- 
rate elementary  cylinders  in  the  combined  system  will  be  derived  from 
the  following  (see  formulas  [27J  Notes  on  the  Construction  of  Ordnance, 

No.  7) : 

I  p,    =  ^~^}^'l7^^i\^'  I  for  the  fourth  cylinder. 

A«    -  4  1V+112'  5-for  the  third  cylinder. 


(1) 


P(2).3(R32-1V)P.  +  31VP3 

*1 A     1^    9  1*9         -— - 


4  Ra'-lV 

I  4  Kg*+Ri'  ^or  the  second  cylinder. 

3(R,«-Ri«)/0i+3R,»P, 


P/«>  = 


4  R,«H- Ri» 


3(R/-Ro«  60  +  5  B> 
Po"^  =  4  Ri*+Ro" 

P,(»)=  3l[Ri«^Ro«)po-f  3R,'P,  I 

4  K,«-Ro'  3 


for  the  first  cylinder. 


The  system  being  supposed  assembled,  the  values  for  variations  of  tbe 
pressures,  or  for  the  transmitted  pressures  which  vary  in  unison,  will 
be  derived  from  the  following  general  equations  of  equilibrium  here  re- 
duced to  their  simplest  forms  [see  formulas,  page  18,  Note  7] : 


i^Up 


„ 5  R,«  E3  (R4'-R3') ^_^^ 

^'-E3(1V-R3')  (4R^»+R3»)+E,(R3«-R,»)  (4R4«+R3»)^'"^-^* 


5  Ri«  E,  (R3'-R,') , 

^E,(R3*-R,«)4Ri»+R,»)+E,(R,*-R,=)[(4R3'+R2')-5R3'a]^'-^-P» 


5  Rq'  El  (R,«~Ri') 

(.^»~E,(R,«-Ri»)(4Ro»+Ri*)+Eo(lV-Ko»)[(4R,«+lV)— 5R,«Z^]^«-^« 

If  in  the  last  of  the  above  equations  we  8ubstitute|?^=— P©,  or  the  value 
of  the  internal  pressure  derived  from  formulas  (1),  we  will  obtain  the 
relief  of  pressure  on  exterior  of  tube  upon  the  supposition  that  the 
system  has  been  assembled  with  shrinkages  computed  from  the  set  of 
values  Pq,  Pi,  Pi,  and  P3,  and  that  the  state  of  action  has  been  changed 
to  that  of  rest.  The  pressure  on  exterior  of  tube  for  the  state  of  rest  or 
the  initial  compression  is  then  given  by  the  algebraic  sum  Pi +2^1,  in 
which — 


(3) 


Pi  =  0— P( 


4625  OBD- 


■23 
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The  elastic  limit  of  the  tube  iu  the  state  of  rest  will  be  exceeded  if 
that  suin  is  greater  than 


(4) {P.+l'.)= 


3  (R,»-E.')p, 


0 


5R 


s 


1 


and  in  that  case  the  shrinkage  values  above  indicated  would  be  too 
great,  and  the  original  values  Pq,  Pi,  &c.,  may  not  be  taken. 

The  value  for  the  internal  pressure  which  will  preserve  unimpaired 
the  elasticity  of  the  tube,  both  for  the  stiite  of  action  and  of  rest,  will 
be  obtained  from  the  following :  ♦ 

^' '    5  1Vr(iKi'-lV)-31tj»c] 

and  the  dependent  value  for  Pi  from  the  following  [equation  (4)  Part  1, 
Note  31] : 

/fix  P  _3  (IV-I^o*)  Po+5  n* c Po 

Equation  (5)  may  be  used  for  determining  the  limiting  value  of  the 
internal  resistance  whenever  the  tube  constitutes  the  vital  cylinder,  ♦.  «,, 
when  the  elastic  resistance  of  the  gun  section  is  limited  by  that  of  the 
tube.  And  such  value  of  P©  with  the  dependent  value  of  Pi  from  equa- 
tion (6)  will  be  used  as  the  adjusted  values  for  these  pressures  with  the 
system  in  action.  The  original  values  for  P,  and  P3  may  or  may  not  be 
readjusted,  depending  upon  circumstances.  They  cannot,  however,  be 
increased,  since  they  represent  the  maximum  values  possible  for  those 
pressures. 

For  the  special  case  where  the  initial  compression  of  the  tube  for  the 
system  at  rest  is  given,  the  value  for  the  internal  pressure,  which  will 
determine  the  elastic  strength  of  the  tube  for  the  state  of  action,  will  be 
derived  as  follows :  Designating  this  pressure  by  P/,  we  have  from 
equation  (3) 

from  which 

(7) Pi=P/+cPo 

which  being  combined  with  the  last  of  equations  (1)  gives: 

rft\  P  -  (3  Ri'^Rd")  Po+3  R.^P/ 

^^ '    '*"(4Ri»-Ro»r3-Ri'o' 

in  which  Pi'  is  equal  to  Pi+^i.  But  the  value  of  the  internal  resistance 
thus  determined  may  be  found  incompatible  with  the  safety  of  one  or 
more  of  the  outer  cylinders,  and  in  that  case  will  require  further  modi- 
fication. 

The  initial  compression  of  the  system  refers  to  the  values  of  the  sev- 
eral normal  pressures  in  the  state  of  rest. 

Call 

Pi  +  l>i  =  Pi'  P2  +  i>»  =  P2'  P3  +  i>3  =  P3' 

-  -  -  '  ■  I 

*  The  equation  is  derived  by  combining  the  valae  of  Pi  from  equation  (4)  with  same 
from  eqnation  (3)|  Nole  31 ;  it  presupposes  that  the  tube  will  fail  under  radial  00m- 
pressiou. 
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The  values  of  Po,  Pi,  P2,  and  P3  being  known,  those  of  P/,  Pj',  and 
P3'  will  be  derived  as  follows : 

(9)  .    .    ,    pi  z=z  —  c  Po  P2  =  —  bpi  Ps  =  —  ^jP« 

(10)  .       .Pi'   =  Pi+l?l  P2'  =  P2+P2  P3'   =   P3+J?3 

Or,  conversely,  if  we  have  given  the  values  P/,  P3',  and  P3',  those  of 
P],  P2,  and  P3  will  be  derived  by  the  use  of  equations  (9)  in  connection 
with — 

(11)  .       Pi   =  Pil-pi  P2  =  P2'-i>2  P3  =  P3'— 1>3 

The  shrinkages  will  be  the  same  whether  computed  by  the  values  of 
the  pressures  incident  to  the  state  of  action  or  those  belonging  to  the 
state  of  rest ;  the  use  of  the  latter,  however,  abbreviates  the  work  and 
enables  one  to  make  a  more  ready  adjustment  of  the  shrinkage  values 
in  case  of  necessity. 

To  compute  the  shrinkages  from  the  pressures  incident  to  the  state 
of  action,  we  have  the  following  formulas: 

(4Ro»+Ri»)P;->5Ro«Po^  (4R2»+Ri»)Pi-5B2»P2 
^izj     .     ^1-         3  (Ri^  —  Ro')  Eo         "^  3(1V  — R,»)Ei 

/iQx  «.  (4 B,»  +R2')  P2  —  5  R,»  <y  .  (4  Ra^-f  R2^)  P2  —  5  R3'  P3 

{16}  .  9?2-         3  (^2  _  R-2)  Yji         ■*■  3  (Ra^  —  R,'^)  E2 

in  which 

,-,., 5  Ro«  E,  (R2»  -  Ri»)  Po  +  5  R2»  Ep  (R>»  -  Bg')  P^ 

(14J  g^—pi^^^  ^  JJ-,  _  j^^.j  ^^  ^,  ^  ^^,^  ^  g^  (R,*— Ri»)(4  1V+Ri») 

am  _  _(4  B^^+Ra')  P3-  5  R,V .  4  (RV+Ra')  P3 

^  u;     .     .     .     «^-      3o(lV  — R,')E,       +3(R4«-R3')E3 

in  which 

(16)/=-!^,= 

5  Ri«  E,  (Bj*  — R,«)  d+5  Rj*  Ei  (R,«—  Ri«)  P3 
Ei(Ri»-.B,«)  (4R3»  +  R,')+E.  (B3*-R,»)  [(4  Ri«+B,«)-6  R^V 

with 

f^^^ 5Bo«Ei(B,«-Bi«)Po 

Eo  (Ri'-Ro*)  (4  lV+R,«)+Ei  (R,»-  Ri')(4  Ro"+Bi«) 

5B,«Eo(Bi'— Bo«) 

I  ^  -Bo(Ri«-Ro«) (4 R,*+Ki*)+  E, (R,*-Ri«) (4Bo»+Bi«) 

The  second  members  of  equations  (12),  (13),  and  (15)  may  be  replaced 

collectively  or  separately  by  the  respective  quantities  W-  ?  -w>  and  -4-,  if 

we  use  the  values  P3,  P,^^^,  and  Pi<'>,  or  either  of  them  as  originally  de- 
duced by  the  application  of  formulas  (1)  (see  middle  of  page  6,  l^otes  on 
the  construction  of  Ordnance,  No.  7). 

To  compute  the  shrinkages  from  the  pressures  incident  to  the  state  of 
rest,  we  have  the  following  formulas : 

im  CD  -,(^Bo'+Hi')  P/ ,(4  R,'+Ri^)  P/-5  R.'P/ 

(15)    .    .  *?>i-3(R^,_^^r)g^+       g|iv-.znv)E; 

nm        ^  ^  (4B,'+R,«)P,^-5R,'j?/  .  (4R3'+R,')  P^-SBa'Pa^ 
^  ^   '    ^" 3(B,'  — R,")E,         +  3(R3«  — B,«)B. 


(17). 
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in  which 

(20)  .  p,  -Eo(R,»-lV)(4lV+lV)  +  E,('R^»-R?")(4Ko*+Ki')^^ 

(4R/+JB3«)  P3'-5  1Vj>/     (4R4'+R3')  Fy 
(Jl)    ...    ^3-         3"(R3*  — R,*)E,    "    '♦■3(R4»— Ra'jEa 

in  which 

,^^,      , 5R3'^(IV_rzR,«) 

(22)  p,  =Ej(i^«.iV)(4R3^+K?)  +  t:),(lV-lV)I(4Ri*+iV)-5Ri*6^^^^ 

and  in  this  h*  is  the  equivalent  of  the  fractional  coefficient  of  P/  in  equa- 
tion (20). 

In  the  above  equations  the  shrinkages,  represented  by  (p^^  ^p,,  and  <^, 
may  be  considered  as  the  unknown  quantities,  or  if  they  be  given  with 
any  one  of  the  remaining  quantities  P/,  l\\  Ps',!?/,  or  p/;  these  latter, 
supposed  unknown,  may  all  be  detennined. 

Through  this  method,  if  we  have  given  the  shrinkages  actually  used 
in  the  construction  of  a  gun,  and  have  ineasured  the  compression  of  the 
bore,  a  complete  analytical  discussion  of  the  construction  may  be  made. 
The  equation  involving  the  compression  of  the  bore  enables  us  to  deduce 
the  value  of  P/;  thus  if  in  equation  (4)  we  place 

Po=^'^  Bo  and  (Px+i>,)^'^=  P/. 

we  find 

.oQx  3(R,«-R,')Eo    JBp 

V^J ^>-  5W  Ro 

Then  equations  (18)  to  (22),  the  values  of  P,'  and  P3',  may  be  deduced, 
-tod  with  these,  through  equations  (8),  (9),  and  (II),  we  may  pass  to  the 
values  of  the  pressures  that  the  system  will  support  in  action. 

The  tangential  compression  of  the  bore  is  an  important  factor  in  the 
adjustment  of  the  shrinkages.  Knowing  the  physical  qualities  of  the 
tube  metal,  and  guided  by  other  considerations,  we  can  in  general  as- 
sume an  appropriate  value  for  this  factor  in  a  theoretical  discussion  and 
thence  derive  the  value  of  Pi'  from  equation  (23).  We  may  thence  pro- 
ceed to  determine  the  appropriateness  of  any  given  set  of  shrinkages  to 
the  section  of  the  gun  under  consideration,  as  in  the  practical  method 
described  above.  In  the  u^n  of  which  we  treat,  for  example,  we  wish 
to  preserve  the  shrinkages  for  each  cylinder  or  row  of  hoops  as  nearly 
alike  a«  possible  for  given  lengths,  although  the  radii  of  the  elementary 
cylinders  in  the  sections  considered  may  be  different;  again,  whilst  ad- 
mitting all  possible  tangential  compression  of  the  bore  in  the  section  of 
the  powder  chamber,  we  wish  this  compression  to  show  a  curve  of  grad- 
ual -decrease  from  the  chamber  section  forward  until  it  passes  to  nothing 
upon  emerging  from  under  the  hooped  portion  of  the  gun. 

If  Pi',  the  exterior  pressure  upon  the  tube,  be  given,  the  tangential 
compression  of  the  bore  for  the  state  of  rest  becomes  known  from  the 
following  equation,  derived  from  (23),  viz  : 


(24) 


J  R„_  6  U,2  P,' 


Ko         3  (tti'-Ro')  Bo 
With  Po  and  Pi  known,  the  tangential  extension  of  the  bore  for  the 
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Btate  of  action  will  be  derived  from  the  followiug  (page  13,  Notes  on  the 
Construction  of  Ordnance,  No.  0) : 

JRo     (4Ri«+Ro')Po-5Ri»Pi 


(25) 


Ko  -  3  (Ki»-Ko*)  Eo 


and  the  radial  compression  of  the  wall  of  tube  by  means  of  the  follow- 
ing (page  14,  same  Note) : 

.ofiN  dJBo    (4^i2-Rt,»)  Po-3  Ri»Pi 

^^  ^ dRo"^         3(Ri*-Eo*)Eo 

To  deduce  the  working  tension  of  the  outer  hoop  when  P3  is  known, 
we  have,  from  the  first  of  formula  (1),  the  following: 

(27) 03=(i_?^'+^3^)  P3 

^        '  *  .  .        C/3  3(R4*-R3^) 

The  corresponding  tangential  tension  will  be  proportional  to  the  safe 
tension  and  corresponding  extension  as  originally  determined  by  the 
tests  of  detached  specimens.* 

If  the  shrinkages  are  computed  by  formulas  (12)  to  (17)  inclusive, 
which  apply  to  the  state  of  action,  we  will  obtain  from  the  two  terms 
which  compose  the  second  members  of  equations  (12),  (13),  and  (15)  the 
namerical  values  of  the  displacements  of  metal  which  occur  at  the  con- 
tact surfaces  of  the  elementary  cylinders  for  the  state  of  action;  the  first 
term  stands  for  the  tangential  compression  of  the  exterior  surface  of 
the  inner  cylinder  (an  extension  if  the  value  is  negative)  and  the  sec- 
ond term  for  the  tangential  extension  of  the  interior  surface  of  the  outer 
cylinder.  On  the  other  hand,  if  we  compute  the  shrinkages  by  formu- 
lae (18)  to  (22)  inclusive,  which  apply  to  the  state  of  rest,  the  numerical 
values  of  the  two  terms  which  compose  the  second  members  of  equa- 
tions (18),  (19),  and  (21)  will  represent  the  corresponding  displacements 
of  metal  for  the  state  of  rest.  Each  shrinkage  is,  in  either  case,  equiv- 
alent to  the  algebraic  sum  of  the  displacements  named,  and  such  alge- 
braic sum  is  theoretically  the  same  whatever  may  be  the  state  of  the 
system  considered.  Again,  the  second  terms  of  the  equations  named 
may  be  used  separately  to  find  the  state  of  strain  existing  at  the  in- 
terior surface  of  any  one  of  the  elementary  cylinders  either  for  the  state 
of  action  or  of  rest. 

APPLICATIONS. 

Section  over  powder  chamber, 

Po=0o=22.14S  pi=/9i=20  <92=24.28  (^3=22.32 

£0=0.0016  £,=0.001445  £2=0.0017  £3=0.0016625 

Bo=  Ei=l  3,840  E2= B3=14,286 

Eo=4.75  Ri=7.0  Ra=ll  R3=13.15  R4=15.76 

First  values  for  the  normal  pressures^  system  in  action. — By  applying 
formulas  (1)  we  obtain : 

P3  =  4.3185  tons  per  square  inch. 
Pj^^^rr  9.2492  tons  per  square  inch. 
P,»==  17.6493  tons  per  square  inch. 
IV*) =25.0843  tons  per  square  inch. 

•  The  preceditiij  formnlad  apply  gouerally  to  a  com  pound  cylinder  composed  of  four 
elementary  cylinders,  but  the  syktem  of  notation  eniploj'ed  admitH  of  their  retuly  ap- 
plication to  a  smaller  number. 
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Valtiesfor  variations  of  pressure^  system  assembled. — By  applying  for- 
mulas (2)  we  obtaiu : 

l>3=ap2;  log.  a=(9.6167878)» 
p2—hpi]  log.  ^=(9.4215663). 
i?i=CjPo5  log.  c=  (9.6 109407). 

Trial  value  for  initial  compression  of  tube. — By  applying  formulas  (3) 
and  (4)  successively  we  find: 

Pi=— 0  Po= -10.24^4  tons 
Pi+Jt>i= 17.6493-10.2414=7.408 

(Pi+Pi)^^^=7.168. 

Hence,  the  excess  of  the  pressure  upon  the  tube  system  at  rest  would 
be  0.24  of  a  ton  per  square  inch  if  we  should  adopt  the  first  values  of 
Po,  Pi,  P2,  and  P3,  as  above. 

Safe  value  for  the  internal  pressure. — Applying  formula  (5),  we  obtain 
a  value  for  Po  which  will  insure  the  safety  of  the  tube  for  all  states  of 
the  system,  viz : 

Po=:  24.7741 

and  the  dependent  value  of  Pi  from  equation  (6)  becomes : 

Pi=17.2827. 

The  original  value  of  P^  and  P3  being  safe  for  the  hoops,  we  may  pre- 
serve them,  remarking,  however,  that  the  effectof  this  will  be  to  increase 
the  relative  value  of  the  two  outer  shrinkages  (P°  and  Pi  having  been 
reduced),  but  the  resistance  of  the  jacket  cylinder  to  compression  will 
be  called  into  play  to  protect  the  tube  from  overcompressiou  in  the  state 
of  rest. 

The  shrinkages  computed  for  the  state  of  action. — Using  the  values  for 
the  pressures  indicated  above  and  applying  formulas  (12)  to  (17),  in- 
clusive, in  which,  since  P2  and  P3  retain  their  original  values,  we  may 

replace  the  second  members  of  equations  (13)  and  (15)  by  -=*  and  ^ 

respectively,  we  lind : 

<??,= -0.00035368+0.00120962=0.00085594 
log.  ^=(1.1607037) 

^=-0.00020576+0.0017=0.001494 
log.  a'=(9.8216482) ;  log.  rf= (0.9213601) ;  log. /=  (0.7532028) 

9>3=  -0.00026534+0.0015625=0.001 2972. 

Pressures  incident  to  the  state  of  rest. — We  retain  the  last-named  values 
for  Pq,  Pi,  Pa,  and  P3,  and  by  applying  formulas  (9)  find: 

jpi=-10.1145  ^,=  -2.67  i>3=-l.l0484. 

and  from  formulas  ( 10) : 

IY=Pi+Pi=17.2827  -10.1145  =7.1682 
P/=Pj+^2=  9.2492  —  2.67  =f>.5792 
P3'=P3+jp3=  4.31864-  1.10484=3.21362 

The  value  of  Pi'  representing  the  pressure  acting  on  the  exterior  of 
the  tube  is,  as  it  should  be,  the  same  as  the  value  of  (Pi+j^i)^'^  derived 
by  applying  equation  (4).. 

*  To  abbreviate  the  work,  the  values  of  quautities  will  freqaeutly  be  expressed  by 
their  logarithms  writteu  in  brackets. 
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The  shrinkages  computed  for  the  state  of  rest, — Substitntiog  the  values 
foatid  for  P/,  P,',  and  P3'  in  equations  (18)  to  (22),  inclusive,  and  reduc- 
ing, we  find : 

fi=+0.00090939-0.00005345=0.00085594 

log.  ji/= (0.6398213). 

^,=+0.000340073+0.00115416=0.001494 

log.  fc'= (9.8216482)  5  log.  ^,'=(0.4764026). 

^3=  +0.0001344+0.0011628=0.0012972 

or  the  values  for  the  shrinkages  are  identical  with  those  obtained  by 
the  preceding  method. 

To  illustrate  the  significance  of  the  numerical  values  composing  the 
two  terms  of  each  of  the  shrinkage  values  as  before  indicated,  we  may 
write  from  them  the  following,  which  represent  the  tangential  displace- 
ments of  the  fibers  of  metal  expressed  in  thousandths  per  linear  unit: 


^t  interior  of  Jacket 

At  exterior  of  Jacket 

At  interior  of  inner  hooD 
At  exterior  of  Inner  hoop 
At  interior  of  outer  lioop 


System  at 
rest. 


Atext«rlorof  tube -0.00939 

-0.05345 
-0.  340073 
+1.1.'>416 
-0. 1344 
•f  1. 1628 


System  in 
action. 


-f  0. 35368 
--1.2U062 
--0. '20576 
--1.70 
- -0.28534 
- -1.5625 


The  negative  values  represent  compressions  and  the  positive  values 
extensions  ;*  where  the  sign  of  the  first  term  in  the  values  {<p)  was  posi- 
tive it  becomes  changed  to  negative  and  the  reverse. 

Action  of  the  bore  of  tube. — We  have  Pi'=7.168  tons,  and  by  formula 
(24)  find  that  the  tangential  compression  of  the  bore  in  the  state  of 
rest  is: 

4??= -0.0016 
Ko 

or  the  same  value  as  that  which  we  have  assumed  to  bft  safe. 

For  the  state  of  action  with  Po=:24.774  and  P,=17.283,  the  tangential 
extension  of  the  bore  derived  from  equation  (25)  is: 

"^=0.0010754 

Finally,  for  the  radial  compression  of  the  wall  of  the  tube  in  the  state 
of  action,  equation  (26)  gives : 

dJEo 


dlL 


-0.0016 


which  is  again  the  same  value  as  that  assumed  to  be  safe  from  the  re- 
sults of  tests  of  detached  specimens  of  the  metal,  and  we  perceive  that 
the  system  is  arranged  to  work  so  that  the  tube  is  compressed  to  its 
elastic  limit  in  the  state  of  rest,  and  in  the  state  of  action  will  be  able 
to  support  an  interior  pressure  of  24.774  tons  per  square  inch  without 

•Tlie  above  values  represent  the  actual  changes  from  ori^jinal  diaiensioDS,  except 
for  the  exterior  of  jacket  and  inner  hoop,  for  which  the  values  represent  the  changes 
from  (Umensious  "  prepared  for  shrinkage."  To  obtain  the  actual  state  of  change 
from  the  original  for  these  two  exterior  surfaces  we  must  take  into  consideration  the 
extension  induced  by  the  original  assemblage  of  each  of  those  cylinders. 
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passing  its  elastic  limit.  Under  the  same  circnmstances,  also,  the  elastic 
limit  of  noue  of  the  remaiDing  elemeutary  cylinders  will  he  exceeded,  as 
is  sliown  by  the  tabulated  values  preceding.  If  we  wished  to  examine 
the  action  of  the  jacket  in  respect  to  radial  compression,  system  in  ac- 
tion, equation  (26)  would  be  applied  with  the  proper  changes  of  notation, 
but  in  this  gun  the  jacket  will  not  be  endangered  in  that  way. 

Section  under  trunnion  hoop. 

Po=  ^0=22.143  pi=^i=20  6',=24.28  ^3=16.0 

f.=0.0016  £1=0.001445        ^,=0.001 7  €3=0.0014933 

Bo=Ei=13,840  E,=  14,286  E3=10,714 

R^,=4.0  Ri=7.0  R,=11.0  1^3=13.15  li4=16.33 

First  values  for  the  normal  pressures^  system  in  action. — By  formulas  (1) : 

P3  =  3.674  tons  per  square  inch, 
P,^'^=  8.5632  tons  per  square  inch. 
Pi{*^= 17.07685  tons  per  square  inch. 
P^(»J=26.1247    tons  per  square  inch. 

Variations  of  pressures^  system  assembled, — By  formulas  (2) : 

P2^ap^  log.  a=(9.5882426) 

A=6pi  log.  &=(9.4074906) 

Pi=cp^  log.  c=(9.4460755) 

Trial  value  for  initial  compression  of  tube. — By  formulas  (3)  and  (4): 

j?i=-c  Po=-7.2967  Pi+^i=17.07685-7,2967=9.78 

(Pi  +  PiY''=S.U75 

bence,  the  dangerous  excess  is  equal  to  (K8325  of  a  ton  per  square  inch. 
Value  for  the  internal  pressure  based  on  safety  of  tube. — By  formula  (5) : 

Po=25.14373 
and  the  dependent  value  for  Pi  from  equation  (6)  becomes 

Pi=15.9982 

■ 

Remarking  the  relative  weakness  of  the  trunnion  hoop,  we  must,  be- 
fore adopting  a  tinalvalnef()rPQ,consi(ler  what  will  be  the  effect  upon  the 
trunnion  hoop.  We  retain  the  first  values  for  Pj  and  P3  which  are  cal- 
culated to  develo[>  the  full  elastic  strength  of  both  the  hoop  cylinders, 
and  seek  a  suitable  value  for  the  pressure  upon  the  interior  of  the  trun- 
nion hoop,  system  at  rest,  and  therefrom  determine  what  shrinkage  that 
hoop  will  bear. 

Pressures  incidentto  the  state  of  rest. — Retainingthe  valueslastdeduced 
for  Pq  and  Pi  with  the  original  values  of  P,  and  P3,  we  find  by  formulas 
(9): 

pi  =  —  7.05065  P,  =  — 1.80187  P3=  —  0.698172  and  by 

formulas  (10): 

P/=Pi+2),  =  15.9982  — 7.05065=8.9475 
IV  =  I%+P.=  8,5632  — 1.80 1 87 =6.76133 
1V=P3+A'.=  3.674  —0.698172=2.9758 

Whence,  with  the  system  at  rest,  the  trunnion  hoop  may  bear  an  in- 
terior pressure  of  2.9758  tons  per  square  inch.  What  in  this  case  will 
be  the  value  of  ^3  ?    This  is  readily  determine<l  by  computing  the  shrink- 
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age  for  the  state  of  rest,  siuce  Pa^  is  the  single  unkDowu  qaantity  in  the 
equations  to  be  used. 
From  equation  (20)  we  find : 

log.  b'  =  (9.8899142) 
and  from  equations  (22)  and  (21) : 

log.  Pi'  =  (0.4527587) 
and: 

^,=  0.00010736  +  0.0012095  =  0.0013169 

This  value  is  so  near  the  corresponding  one  (0.0012972)  deduced  for 
the  chamber  section  that  we  may  adopt  the  latter,  and  thus  favor  also 
the  trunnion  hoop.  Preserving,  moreover,  for  simplicity  of  construc- 
tion, the  remaining  shrinkages  fouudfor  the  chamber  section,  what  will 
be  the  state  of  the  system  at  rest  and  what  interior  pressure  will  this 
section  support  in  the  state  of  action  f 

The  values  for  the  shrinkages  are  as  follows : 

^,=0.00085594  (6.9324433) 
<^,=0.001494  (7.1743506) 
<^3=0.0012972     (7.1130069) 

The  pressures  in  the  state  of  rest  induced  by  these  shrinkages  will  be 
found  as  follows : 

By  substitution  and  reduction  equation  (21)  becomes: 

(a)  ^=(7.1130069)=[(6.4701352)  P/ —  (6.4343765)  ^,'J+ (6.6090165)  P, 

The  value  b'  deduced  from  equation  (20)  and  substituted  in  (22)  gives, 
after  reduction : 

(6) !>/= (9.9791550)  P3' 

and  by  combining  equations  (a)  and  (b)  we  deduce : 

P/=  2.8313. 

with  P3'  and  cp^  given  by  a  similar  reduction  and  combination  of  equa- 
tions (19)  and  (20)  we  obtain  : 

P,'=  6.45884 

and  with  P,'  and  cpi  given,  we  find  from  equation  (18) : 

Pi=8.2931 

Final  valtie  for  the  internal  pressure. — With  P,'  known,  the  application 
of  equation  (8)  gives  the  following  value  for  the  internal  pressure,  which 
will  determine  the  elastic  strength  of  the  tube.     We  find : 

Po=24.55145 

The  remaining  pressure  for  the  S3\stem  in  action  will  now  be  found  by 
applying  equations  (9)  and  (11);  whence  : 

l>i=  —  cPo=  —6.85729     p,=  —6/7i=  —1.75244     ^3=  —  0^8=  —  0.633703 
and 

Pi=P/— /?,=8.293l  +6.85729  =r5.15 
P,=P,'— ^,=6.45884+1,75244  =8.21 
P3=  P3'— 2?3=2.9313  +0.633703=3.565 

The  values  present  a  uniform  reduction  from  the  first,  which  were  ob- 
tained by  the  direct  application  of  formulas  (1). 
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Working  tension  of  the  trunnion  hoop. — With  P3=3.565  this  tension  will 
be  less  than  the  value  assumed,  aud  by  formula  (27)  we  find  : 

^3==15.525  tons  per  square  inch. 

Tangential  compression  of  the  bore  oftubes^  system  at  rest. — With  P/= 
8.2931,  formula  (21)  gives : 

-^?o=— 0.001483 

The  preceding  adjustment  of  the  shrinkages  aud  pressures  for  this 
section  gives  a  sufficient  value  for  the  internal  resistance  and  obviates 
unnecessary  strains  for  the  state  of  rest. 

SECTION  IN  FRONT  OF  POWDER  CHAMBER. 

p^=(9o=22.U3    pi=/9,=20  (^,=24.28  <93=22.32 

^=0.0016  fi=0.00l445  f,=0.0017  ^3=0.0015625 

E«=B»=rl3,840  E,=E3=14,286. 

E^=4.0  Ex=7.0  R,=11.0  li3=13.15  ^4=15.75 

This  section  being  between  that  of  the  powder  chamber  and  trunnion 
boop,  we  should,  if  practicable,  use  the  same  shrinkages  as  for  those 
two  sections.  We  may  then  examine  the  state  of  the  system  at  rest  and 
the  pressures  which  it  will  support  in  action  if  assembled  with  the 
shrinkages. 

<^i =0.00085594  i^,=0,001494  ^3=0.0012972 

Variations  of  pressure,  system  assembled. — It  becomes  necessary  for  an 
examination  to  first  determine  these  values.  The  first  two  are  the  same 
as  for  the  chamber  section,  and  the  third  is  found  by  applying  the  last 
equations  (2),  whence  we  obtain : 

l?3=ap,  log.  a=(9.6167878) 

p,=6/),  log.  ft= (9.4215663) 

Pi=cp^  log.    c= (9.4496326) 

Pressures  incident  to  the  state  of  rest — These  values  will  be  found  as 
in  the  similar  the.  case  for  trunnion  hoop  section.  The  value  of  b'  de- 
rived from  equation  (20)  and  substituted  in  (22)  gives  an  equation  to 
combine  with  equation  (21).  The  resulting  equation  contains  the  single 
unknown  quantity  P3',  and  we  obtain : 

P3'=3.26014 

Then  with  P3'  and  ^  given,  the  combination  and  reduction  of  equa- 
tions (19)  and  (20)  gives : 

P2'=6.77226 

and  with  P,  and  (pi  given,  we  find  from  equation  (18) : 

Pi' =8.53816 

Pressures  incident  to  the  state  of  action. — The  remainder  of  the  ele- 
mentary cylinders  will  support  all  that  the  tube  cylinder  can  bear,  and 
for  this  latter,  by  a^)plying  equation  (8),  we  find  : 

Po=24.871 

Equations  (9)  and  (11)  serve  to  determine  the  remaining  values,  viz : 

Pi=— cPo=— 7.(M)37  ;?,=—^j>i=— 1.8488 

2)3= —a;P,=— 0.765035 
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and 

P,=P/-j9i=8.53816+7.0037  =15.542 
P,=  P/-i>,=6.77226+ 1.8488  =  8.621 
P3=P3'-j)3=3,26014+0.765035=  4.025 

The  value  for  the  internal  resistance  is  suitable  ;*  it  is  a  little  greater 
than  that  deduced  for  the  chamber  section. 

Working  tension  of  the  outer  hoop, — We  have  P3=4,025  tons,  and  by 
applying  equation  (27)  find : 

<93=20.806 

which  is  less  than  the  corresponding  tension  (22.32  tons)  for  the  outer 
hoop  of  the  chamber  section. 

Tangential  compression  of  the  bore  of  tube,  system  at  rest — With 
P,'=8.53816,  formulas  (24)  gives  : 

'^,f"=- 0.0015268 

Section  near  breech  of  tube. 

;o^=^,=22.143                pi=^i=20  ^,=24.28                ^3=22.32 

eo=0.0016              fi=0.00l445  ^2=0.0017              £3=0.0015626 

Eo=Ei=13,840  Eg=B,=14,286 

Eo.=4.75            Ri=0.5            R,=11.0  R3=13.15            R4=15.76 

First  values  for  the  normal  pressures,  system  in  action. — The  values 
P3  and  P,  will  be  the  same  as  for  the  chamber  section,  and  for  the 
others  we  apply  formulas  (1) ;  whence: 

P3=4.31846  P,=9.2492  Pi^«J=18,2964  Po««^=24.7674 

Variations  of  pressure,  system  assembled. — By  applying  formulas  (2) 
(log.  a  having  the  same  value  as  for  the  chamber  section)  we  find : 

P3=ap3  log.  a=(9.6l67878) 

p^—bpi  log.  6=(9.3432590) 

j?,=cpo  log.  c=(9.6892642) 

Trial  value  for  initial  compression  of  tube. — By  formulas  (3)  and  (4) : 

jpi=  —  c  Po=  — 12.11  P,+j>i  =  18.2964—  12.11=6.1864 

(Pi+Pi)  ^  =6.19083 

or  th^re  is  a  slight  excess  on  the  side  of  safety,  so  that  we  may  use  the 
first  values  foi^  the  normal  pressures. 
Pressures  incident  to  the  state  of  rest. — By  formulas  (9)  and  (10) : 

Pi^—c  Po=— 12.11  ji2=—2»Pi=— 2.66934 

l?3= — 0^2==  — 1*10457 
and 

Pi'=Pi+Pi=18.2964  —12.11       =6.1864 
P2'=P2+p2=  9.2492   —  2.66934=6.57986 
P3'=P3+^3=  4.31846—   1.10457=3.21389 

Value  of  the  first  shrinkage.-^^ith  the  given  values  of  Pj'  and  P^'  we 
find  by  formula  (18) : 

^1=0.00100283  —  0.00022232=0.00078051 


*By  the  dirool  application  of  formulas  (1)  we  would  find  Po(')=  26.65  tons  per 
square  inch. 
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Further  examination  would  show  the  values  of  cp^  and  (^  to  be  on 
the  other  hand  slightly  larger  than  the  corresponding  values  for  the 
chamber  section,  but  they  may  be  used  with  propriety  as  they  stand. 

We  have  then  to  examine  the  condition  of  the  section  if  assembled 
with  the  following  shrinkages,  viz  : 

^1=0.00078051  ^,=0.001494  <^3=0.0012972 

Pressures  incident  to  the  state  of  rest. — Under  these  new  conditions  the 
values  of  P3',  P/,  and  Pj'  will  be  found  as  in  the  two  preceding  cases  by 
applying  formulas  (22)  to  (18)  inclusive,  whence  we  obtain: 

P3'=3.2137  P/=6.57868  P/=6.18415 

Pressures  incident  to  the  state  of  action. — Since  the  value  Pi'  is  slightly 
reduced,  that  of  Pq  will  also  be  reduced  from  the  first  value ;  and  since 
the  values  Pj'  and  P3'  are  also  smaller,  we  know  that  those  of  P3  and 
P3  will  not  reach  the  first  values  with  Pq  acting ;  hence  whatever  press- 
ure the  tube  can  support  will  be  safe  for  the  system.  By  formula  (8) 
we  find : 

Po=24.764 

and  through  formulas  (9)  and  (11) 

Pi=  -c  Po=  — 12.1084  /)2=-&/>i= -2.66898 

l>3=  — 0^2= —1.10442 

Pi=Pi' -^1=6.18415+ 12.1084  =18.293 
P2=P2'-P2=6.57868+  2.66898=  9.248 
P3=P8'-j)3=3.2137  +  1.10442=  4.318 

or  the  values  for  the  normal  pressures  in  the  state  of  action  are  prao- 
tically  the  same  as  the  first  values. 

Tangential  compression  of  the  bore  of  tube,  system  at  rest — With  P/  =s 
6.18415,  equation  (24)  gives  : 

:^|^o  = —0.0015983 

Action  of  the  interior  of  jacket — With  the  system  in  action  the  jacket 
cylinder  may  be  subjected  to  the  pressures  Pi  =  18.293  and  P3  =  9.248, 
under  which  the  tangential  extension  of  its  interior  would  be  [last  term 
of  equation  (12)] : 

J  Ri      (4  R,^  +  Ki^)  Pi  —  5  R2»  P2      ,.  ^^.  2o« 
Rr  =3  (R^^  -  Ri^)  El =  «-0012^3 

With  the  system  at  rest  the  given  shrinkages  will  produce  a  tangen- 
tial compression  of  the  interior,  which  we  find  by  substituting  the  val- 
ues of  P2'  and  IV  for  Pi  and  P2  in  the  equation  above  [or  use  the  last 
term  of  equation  (18)],  whence: 

'^,?-*  =  _  0.000222 
Ri  A 

The.  above  values  show  t'ae  range  of  the  movement  of  interior  of  jacket 
from  one  extreme  state  of  the  system  to  the  other. 

Section  around  the  breech-screw. 

p^  =  ^0  =  20  61  =  24.28  02  =  22.32 

e^  =  0.00 1 445  €1  =  0.001 7  f  2  =  0.0015625 

Eq  =  13,840  K,  =  E2  =  14,286 

Ro  =  5.5  Ri  =  11.0  R2  =  13.15  R3  =  15.76 
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The  jacket  constitutes  the  interior  cylinder  of  this  section ;  the  pow- 
der pressure  does  not  act  within  it,  and  the  normal  pressure  produced 
by  the  rearward  pressure  of  the  breech-block  on  the  inclined  face  of 
the  thread  will  be  relatively  small  in  amount.  The  shrinkages  will 
then  turn  principally  upon  the  pressures  incident  to  the  state  of  rest 
and  the  tangential  compression  of  the  fibers  at  the  iuteiior  of  jacket  or 
bottom  of  threads  and  sectors. 

In  this  case  we  have  a  system  composed  of  but  three  elementary  cyl- 
inders, and  in  place  of  formuhis  (1 )  we  use  the  following  to  find  the  val- 
ues of  the  normal  pressures  calculated  to  determine  the  elastic  limits  of 
the  elementary  cylinders  of  the  combined  system  for  the  state  of  ac- 
tion, viz : 

3  (R3'  —  I^')  O2 


P»= 


4R3*  + 


\i—'  \  for  the  third  cylinder. 


for  the  second  cylinder. 


for  the  first  cylinder. 


(28)  .    .   ^    p,     3(R,^~Bi»)A  +  3IVP, 

'  "  i  IV  —  lii^ 

I   ^0  -  4Ri»-R,^  3 

And  for  the  variations  of  pressure  in  the  assembled  system  in  place 
of  formulas  (2)  we  have  the  following : 

*« "  E,  (B3«-  R,^)  (4  Ri«  +  R.«)  +  E,  (R,«— Ri')  (4  B,'+  R.Y'^'  ^' 
(29) 

5  R,«  El  (R.'— Ri') _ 

^»  =Ei  (R,«- R,»)  4 Ro«+ Ri«)+E,  (Ri«-Ro*)  [(4  R,«  +  Ri>)  ~5R,«  fc]^o- <!Po 

JFirsi  values  for  the  normal  pressures,  system  in  auction, — The  pressures 
which  the  system  under  the  full  portion  of  the  double  hooping  would 
support  in  action,  derived  from  formulas  (28),  are  as  follows : 

P,=4.31846  Pi=9.2492  Po^«> =19.3993 

in  which  P,  and  Pi  are  the  same  as  P,  and  P,  for  the  chamber  section. 
Vufiations  of  pressure^  system  assembled. — By  applying  formulas  (29) 
we  find : 

|},=5pi  log.  6=(9.6167878) 

p,=rcpo  log.  c= (9. 1744059) 

in  which  the  coefficient  b  has  the  same  value  as  a  for  the  chamber  sec- 
tion. 

Trial  value  for  initial  compression  of  jacket — By  formulas  (3)  and  (4) : 

i>,=—cPo=— 2.8986 

P/=  P, -f  j9,=9.2492-2.8986=6.3506 

(Pi+l>i)^'^=9.000 

or  the  excess  on  the  side  of  safety  is  about  2.G5  tons  per  square  inchy 
and  we  may  use  the  values  already  found  for  P„  P^,  and  Pq. 
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Pressures  incident  to  the  state  of  rest, — We  have  P/=r6.3506,  and  from 
formulas  (9)  and  (10): 

ji,= -ftp, =-1.1995  P,'=P,  +  ^,=4.31846-1.1995=3.11902 

The  shrinlcages  computed  for  the  state  of  rest. — Applying  formulas  (18), 
(19),  and  (20)  whilst  placing  P,'=0,  we  llud 

<^,=0.0004079  +  0.0011074=0.0015153 
^,=0.00015353  +  0.00112853=0.00128206 

These  values  differ  but  little  from  the  corresponding  ones  (^  and  ^) 
for  the  chamber  section,  so  the  latter  may  be  substituted  for  them.  We 
have  then  to  discuss  the  state  of  rest  for  the  shrinkage  values. 

^1=0.001494  ^,=0.0012972 

Pressures  incident  to  the  state  of  rest — Placing  P5'=0  in  equation  (19), 
ri^ducing  and  combining  with  equation  (20),  we  find 

P/ =3.155835 

Then,  with  P/  and  (pi  given,  the  solution  of  equation  (18)  gives 

P/=6.33424 

Tangential  compression  of  interior  ofjacJcetj  system  at  rest. — With  P/ 
given,  we  find  from  formula  (24) 

^-?= -0.0010171 

This  would  be  the  maximum  compression  at  the  interior  of  the  breech 
recess  under  the  full  double  hooping  if  we  used  the  shrinkages  last 
named.  In  the  adjacent  section  (through  breech  of  tube)  it  was  found 
that  with  the  full  elastic  resistance  (Po=24.764)  developed,  the  tangen- 
tial extension  of  the  fibers  at  the  interior  of  jacket  would  be  0.0012^. 
Hence,  if  we  should  use  the  shrinkages  the  total  effect  2^  angle  in  jacket 
near  breech  of  tube  might  reach  the  sum : 

0.001233  X  0.001017=0.00225 

which  considerably  exC'Ceds  the  elastic  extension  of  the  jacket  metal ; 
and  it  would  seem  best  to  lighten  the  shrinkage  of  hoop  Bio  ^^  order  to 
reduce  the  tangential  compression  at  the  interior  of  jacket  in  the  recess 
next  base  of  tube. 

Assume  that  the  tangential  compression  at  interior  of  jacket  as  above 
shall  be  limited  to  the  value: 

4^"=— 0.00075 

Betain  the  shrinkage  ^i =0.001494  for  the  two  inner  hoops ;  then  what 
should  be  the  shrinkage  for  hoop  Bio?    ^^  have,  equation  (24) : 

^  fi)^. 0  0007'?—  5  Ri^  P/ 

whence : 

P/ =4.67076 

and  with  P/  and  q>i  given,  we  find,  through  formula  (18) : 

P/=1.3173 
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With  the  values  P/  and  P/  ffiven,  and  Pa'ssO,  the  required  shrinkage 
for  hoop  Bjo  is  found  through  equations  (19)  and  (20): 

^ =0.00006484+ 0.00047662 =0.0005415 

The  shrinkage  values  for  the  double  hooping  over  the  breech  recess 
are  then : 

^1=0.001494  ^=0.0005415 

involving  a  tangential  compression  at  the  interior  of  jacket,  as  above, 
equal  to  0.00075.  The  total  effect  at  the  angle  in  jacket  may  then  reach 
the  sum : 

0.001233  +  0.00075=0.001983 

which,  although  still  in  excess  of  the  safe  limit  for  the  jacket  metal 
under  extension,  may  not  be  considered  unsafe,  and,  moreover,  wilLbe  re- 
duced by  whatever  tangential  extension  oft  he  interior  libers  of  the  jacket 
is  occasioned  in  this  intermediate  recess  by  the  powder  pressure  forward 
and  the  normal  pressure  transmitted  by  the  block  to  the  screw-thread 
and  tending  to  extend  the  interior  of  the  jacket  at  its  rear.  The  ad- 
justed shrinkage  for  hoop  Bjo  is  slight,  but  this  shrinkage  may  be  made 
heavier  toward  the  rear,  where  the  hoop  is  thinned,  and  the  hoop  will 
be  firmly  retained  in  place  during  the  service  of  the  gun.  The  shrink- 
age for  the  rear  portion  of  hoop  B,  will  be  lightened  to  approach  the 
value  <ps=0.0005415. 

Effect  produced  by  the  single  hoop  ili,.— This  hoop  is  to  be  assembled 
with  the  uniform  shrinkage  used  for  the  remainder  of  the  row.  The 
tangential  compression  produced  at  the  interior  of  the  jacket  under  the 
full  portion  of  the  hoop  is  found  through  equations  (18)  and  (24).  We 
have  ^1=0.001494;  hence: 

Pi' =3.47893  4-°=—  0.00055862 

Jko 

which  compares  favorably  with  the  compression  in  the  forward  portion 
of  the  recess. 

This  completes  the  discussion  of  the  tangential  strains  in  the  reinforce 
of  the  gun,  and  we  pass  next  to  the  portion  forward  of  the  trunnion 
hoop. 

Section  through  base  of  hoop  Ai* 

yc3b=^o=22.143  p,=6'i=20  ^,=23.0 

fo=0.0016  £x=0.001445  f,=0.00161 

Eo= El =13,840  B,= 14,286 

Eo=4.0  Ri=7.0  R,=11.0  R3=16.0 

First  valines  for  the  normal  pressures^  system  in  action. — By  applying 
formulas  (28)  we  find  : 

P,=6.40142  Pi(,)=16.2729  Po««>=24.6514 

Vai-iations  of  pressure^  system  assembled. — By  formulas  (29)  : 

j?,=fc|>i  log.  6=(9.3602597) 

i?i=cpo  log.  c=(9.435l419) 

Trial  value  for  initial  compression  of  tube, — By  formulas  (3)  and  (4) : 

Pi=—cPo=— 6.71403 
Pi'=Pi+Pi=15.2729  —  6.71403  =  8.65887 
and: 

(P^+|,i)(i)=8.9475 
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Whence  the  safety  excess  is  equal  to  0.3886  tons  i>er  square  inch,  aud 
we  may  use  the  values  already  determined. 

Pressures  incident  to  the  state  of  rest. — We  have  Pi'=8.55887,  and  from 
formulas  (9)  and  (10): 

p,=—&pi=— 1.539  P/=P»+1>^=6.40142— 1.639=4.86227 

The  shrinJccujeSj  computed  for  the  state  of  rest — Placing  P3'=0,  and  ap- 
plying formulas  (18)  to  (20)  inclusive,  we  find : 

(pi =0.0007059 + 0.000542 = 0.00 12479 
9?,=0.0002()632+0.00l2229=0.0014-92 

Tangential  compression  of  bore  oftube^  system  at  rest, — With  the  shrink- 
ages given  above  and  Pi'=8.55887,  we  find,  by  formula  (24): 

-'^J^»=— 0.0015305 

The  ])re8aure  on  exterior  of  tube  and  compression  of  bore,  system  at 
rest,  would  thus  exceed  the  corresponding  values  8.293  and  0.001449  for 
the  adjacent  trunnion  hoop  section.  The  first  shrinkage  is  also  greater 
than  for  that  section,  and  it  is  not  desirable  to  have  it  so.  Let  us  thea 
assume,  in  order  to  retain  a  uniform  shiinkage  along  the  jacket: 

The  first  shrinkage : 

.<^=:0.00085694 

and  the  tangential  compression  of  bore: 

^^=-0.00126 

What,  then,  will  be  the  pressures  incident  to  the  state  of  rest,  the 
value  of  the  second  shrinkage,  the  elastic  resistance  of  the  section  to 
an  interior  pressure  and  the  working  limit  of  the  outer  hoop  with  the 
system  in  action  f 

Pressures  incident  to  the  state  of  rest — With 

-jj^*= -0.00125 

formula  (23)  gives 

Pi'=6.990285 

and  with  Pi'  and  <pi  given  we  find  from  formula  (18) : 

P,'=4.7778 

The  second  shrinkage. — Placing  P3'=0,  and  applying  formulas  (19)  and 
(20),  we  find : 

^=0.00020275+0.00120165=0.0014044 

Mastic  resistance  to  interior  pressures — pressures  for  the  state  ofaetion.^^ 
With  Pi'  given,  we  obtain  P^  through  formula  (8)  and  the  remaining 
pressures  for  this  state  through  formulas  (9)  and  (11),  whence 

Pe=23.004  pi=-c  Po=-6.26535  pi=-6pi= -1.43617 

P,=P,^-p,=6.990285+6.26535=13.2556 

P,=P,'-p,=4.7778-fl.43617=6.21397 

Worhing  tension  of  the  outer  hoop  for  the  state  of  a^ion, — By  formula 
(27) 

^,=22.326 

for  which  the  corresponding  tangential  extension  of  interior  fiber  equals 
0.0015G28. 
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Section  through  shoulder  of  jacket  (toithin  front  edge). 

/!)^=6>^=22.1«  pi=6>i=20  (9,=23 

f^=:0.0016  £1=0.001445  ^=0.00161 

Eo=Ei-13,840  E,r=14,286 

Bo=^-0  B]=:7.0  B,=:11.6  B3=14.64  (approximate). 

A  preliminary  examination  shpws  that  it  will  be  proper  to  assemble 
this  section  with  the  same  shrinkages  as  the  adjacent  one  to  the  rear 
(tbroagh  base  of  hoop  Ai).  We  have  then  to  discuss  the  action  of  the 
system. 

It  will  not  be  x>ennissible  to  exceed  the  allowable  pressure  for  the 
outer  hoopy  which  through  the  first  of  formulas  (28)  we  find  to  be 

P,=5.64917 

Variatione  of  pressure^  system  assembled. — By  formulas  (29) 

Pi:=:ipi  log.  &=;: (9.2552467) 

Pi^epo  log.  0=1(9.4365357) 

Pressures  in^Ment  to  the  state  of  rest — The  given  shrinkage  values  are 

^==0.00085594  ^,=0.0014044 

Oommencing  with  the  latter  and  combining  formulas  (19)  and  (20)^ 
placing  Pa'ssOy  we  find  after  reduction 

P/=4.24969 

Then,  with  P/  and  ^  given,  we  obtain,  through  formula  (18) 

P/=6.70257 

Pressures  incident  to  the  state  of  action. — As  in  the  preceding  section, 
by  applying  formulas  (8),  (9),  and  (11),  we  find : 

P^=22.723  pi=  -c  Po=  -6.20863  jp,=  -.6|)i=: -1.1176 

P,=Pi'-jpi=6.70257+6.20863=12.9102 

P,==P,'-j»,=4.24969+1.1176=5.3672 

Tangential  compression  of  bore  of  tube^  system  at  rest — By  formula  (24) : 

^=-0.0011985 

Working  tension  of  the  outer  hoop  for  the  state  of  action. — By  formula 
(27): 

^,=:22.245 

for  which  the  corresponding  tangential  extension  of  interior  fiber  equals 
O.0O15572. 

Section  through  front  {unthinface)  of  jacket 

p^=^,=22.143  pi=:ei=:20  ^,=21.8 

£^,=0.0016  £1=0.001445  e,=0.001526 

Bo=:Ei=13,840  E,=14,286 

Bo=4  Bi=:7.26i  B»=9.9  83=12.65 

4625  OBB ^24 
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Fir$t  values  far  the  normal  pressures j  system  in  action. — ^By  formulas 
(28): 

P,=5.49467  Pi<>>= 12.18956  Pat»=22.3986 

Variations  of  pressure^  system  assembled. — ^By  formulas  (29) : 

jp,=&pi  log.  &=(9.4993706) 

Pi^cpo  log.  c=(9.3593267) 

Pressures  incident  to  the  state  of  rest. — By  formulas  (9)  and  (10): 
j>i==-oPo=: -6.12329  i),=-&p,= -1.61774 

and 

Pi'=Pi+i)i=12.18956-.5.12329=7.06627 
P,'=P,+J>t=  5.49467-1.61774=3.87693 

The  shrinkages  computed  for  the  state  of  rest. — ^By  formulas  (18),  (19), 
and  (20),  with  P3'=0. 

1=0.0005426+0.0006581=0.0012007 
9^=0.0001845+0.0010767=0.0012612 

These  values  are  not  suitable.  The  jacket,  where  it  is  threaded,  will 
not  perform  the  calculated  work,  and  the  shrinkage  of  the  D  hoop  should 
be  relatively  increased.  It  is  desirable,  moreover,  to  retain  a  uniform 
value  for  the  shrinkage  of  the  jacket ;  we  may  then  assume  9>i  to  be  tiie 
sdTme  as  for  the  preceding  sections  and  deduce  a  new  value  for  q)^.  This 
will  decrease  the  theoretical  resistance  of  the  section,  because  the  ten- 
sion within  the  D  hoop  '^  at  rest"  will  be  increased. 

The  most  direct  method  for  making  the  adjustment  required  will  be 
to  assume  a  minimum  (allowable)  value  for  Po,  find  the  pressure  trans- 
mitted to  the  D  hoop  for  the  state  of  action,  and  thus  deduce  the  press- 
ure allowable  for  it  in  the  state  of  rest.  The  construction  will  be  safe 
if  we  take  Po=18  tons ;  the  powder  pressure  in  this  section  will  not  reach 
this  figure,  and  moreover,  even  in  that  event,  the  D  hoop  would  be 
strained  only  to  the  relatively  low  value,  ^2=21.8  tons. 

The  assumed  conditions  then  are : 

Po=18.0  .    9>i=0.00085694 

Pressure  transmitted  to  interior  of  D  hoop  system  in  action. — By  com- 
bining the  first  two  of  equations  (9)  we  obtain : 

j>,=— c6Po 

whence  with  Po=18, 

p,=— 1.30008 

Pressures  incident  to  the  state  of  rest, — We  have  already  found  that  Pt 
may  equal  5.49467  tons ;  then,  formulas  (10), 

Pj'=P«+  p,=5.49467- 1.30008=4.1946. 

and  by  formula  (18)  with  P/  and  q>i  given,  we  obtain : 

P/=6.22678 

The  second  shrinkage, — By  formulas  (19)  and  (20),  with  Pa'sO,  we 
have:  ^ 

^,=0.0001996+0.0011649=0.0013645 
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Tangential  campreasion  of  hore  of  tubCj  system  at  rest  --By  formula  (24) : 

^=-0.001078 

We  have  assumed  a  comparatively  low  value  for  Po  as  above,  espe 
dally  with  reference  to  an  adjustment  of  the  shrinkages.  This  value 
for  Po  win  develop  a  tension  in  the  outer  hoop  equal  to  21.8  tons,  but 
will  not  develop  the  elastic  strength  of  the  tube.  Having  Pi^ =6.22678 
tons,  the  elastic  strength  of  the  tube  would  be  developed  only  in  case 
Po  reached  the  value  to  be  found  by  applying  formula  (8) ;  whence: 

Po=21.663  tons. 

The  shrinkages  remaining  the  same,  we  find  by  formulas  (9)  and  (11) 
that  the  remaining  pressure  in  the  state  of  action  would  then  be  as 
follows : 

jpi= -0  Po=  -4.93215  j>,=  -i!Pi=  -1.55742 

then 

Pi=Pi'-.jpi=6.22678+4.93215=11.15893 

P,=P/-j>,=4.1946  +1.55742=  5.75202 

But  if  P,  equals  the  above  value,  the  tangential  tension  in  the  D  hoop 
for  the  state  of  action  as  found  through  formula  (27)  becomes: 

^,=22.82  tons, 

or  about  1  ton  per  square  inch  greater  then  the  value  at  first  assumed. 
However,  the  tension  22.82  tons  cannot  be  considered  excessive  for  the 
metal  of  this  hoop,  and  we  may  adopt  the  value  Po=21.563  tons  to  rep- 
resent the  tangential  resistance  of  this  section  of  the  gun. 

Section  through  middle  of  3  row  of  hoops  {outside), 

Pft=^o=22.143  /0i=ei=23.5  ^,=21.8 

fo=0.0016  ei=0.001645  e,=0.001526 

Eo=13,840  Ei=E,=14,286 

Bo=:4  Bi=:7.875  6^=9.9  63=12.325 

First  values  for  the  normal  pressures  j  system  in  action, — ^By  formulas  (28) : 

P,=r4.9952  Pit»>=10.98  Po«">=21.9748 

Variations  of  pressure^  system  assembled, — By  formulas  (29) : 

i>,= bpi  log.  6= (9.5790730) 

jpi=cpo  log.  o=(9.2421317) 

Pressures  incident  to  the  state  of  rest. — By  formulas  (9)  and  (10): 

j>i=— 0  Po=— 3.8376  i>,=—ftpi=— 1.4559 

and 

Pi'=Pi+j>i=10.98     -3.8376=7.1424 

P/=P,+j>,=  4.9952-1.4559=3.5393 

The  shrinkages^  computed  for  the  state  of  rest. — By  formulas  (18),  (19), 
and(20),  withP3'=0: 

9>i=0.0004711+0.000978=0.0014491 

^,=0.0001668+0.0010812=0.001248 
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Tangential  compression  of  bore  of  tube^  system  at  rest — By  formula  (24): 

^«= -0.0011592* 

These  results  are  unsatisfactory  in  several  respects.  The  first  shrink- 
age is  unnecessarily  heavy ;  the  pressure  on  tube  in  the  state  of  rest 
and  also  the  compression  of  the  bore  is  greater  than  for  the  adjacent 
section  to  the  rear.  A  preliminary  examination  shows  that  a  shrinkage 
value,  9>i=0.001,  is  well  adapted  to  the  assemblage  of  the  whole  Crow 
of  hoops  (single  and  double  hooping).  To  deduce  the  value  for  the 
second  shrinkage  in  this  section  (double  hooping)  we  will  assume  that 
the  D  row  of  hoops  shall  be  subjected  to  a  tangential  tension  of  20.5 
tons  when  the  pressure  in  bore  of  gun  amounts  to  17.75  tons  per  square 
inch. 

The  conditions  are  then  as  follows : 

9>i=0.001  ^,=20.5  Po=17.76 

Limiting  pressure  for  D  hoop^  system  in  action. — If  ^,=20.6,  we  find, 
formulas  (28) : 

P,= 4.69732 

Pressures  incident  to  the  stateqf  rest. — We  have  Pj,=17.75,  and  find  P/ 
fiks  in  the  preceding  section,  viz : 

!>,=  —  ch  Po=  - 1.176 
then 

P/=P,  —j>,=4.69732— 1.176=3.6213 

The  value  of  Pi'  is  obtained,  with  P/  and  <pi  given,  by  formula  (18), 
whence 

P/= 5.8552 

OChe  second  shrinJcage, — By  formulas  (19)  and  (20): 

^,=0.0001659+0.0010757=0.0012416. 

Tangential  compression  of  bore  of  tube^  system  at  rest — ^By  formula  (24) : 

^3=0.00095032 

*  Having  obtained  suitable  values  for  the  shrinkages,  it  may  readily  be 
shown  that  whilst  retaining  these  valnes  for  the  assemblage  the  system 
will  safely  support  a  greater  interior  pressure  than  17.75  tons,  which 
gives  the  low  value  ^,=20.5  for  the  tangential  tension  of  the  outer  hoop. 
With  the  pressure  Pi'=5.8552  tons  upon  the  exterior  of  tube,  system 
at  rest,  that  cylinder  would  safely  support,  formula  (8),  the  following 
interior  pressure : 

P^=20.775 

and  the  remaining  pressures  in  the  state  of  action,  formulas  (9)  and  (11), 
would  then  be  as  follows : 

j)i=  _  0  Po=  —  3.628075  jp;=  —  bpi=  — 1.37641 

then 

.   Pi=Pi'— pi=5.8552+3.628075=9.483 

P,  =  P/  — i>,=3.5213+1.37641=4.8977 

with  this  value  for  P,'  we  find,  formula  (27) : 

^,=21.374 
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which  represents  the  tangential  tension  at  interior  of  D  hoop  for  Pg= 
20.775 ;  hence  it  is  seen  that  the  system  can  safely  support  the  intenor 
pressare  just  named.  It  is  not  necessary  to  examine  into  the  behavior 
of  the  middle  cylinder,  becanse  the  pressures  Pi= 9.483  and  P2=4.8971 
are  seen  to  be  safe  when  compared  with  the  first  values  deduced  for  the 
normal  pressures,  system  in  action. 

Seotian  through  hose  of  0  row  of  hoops  {single  hooping.) 

p^=^^=22.143  ^,=23.0  ^0=0.00160  ei=0.00161 

E,=13,840         Bi=14,286  Eo=4.0  Ei=7.875  E»=10.376 

In  this  and  the  succeeding  section  we  have  a  system  composed  of  but 
two  elementary  cylinders. 

The  maximum  values  for  the  normal  pressures  which  the  elementary 
cylinders  will  support  in  combination  are  derived  from  the  following : 

'  p^    ^^KrA'^2^'  i*^'  ^^^  ^^^^^  cylinder, 

^^^ 1  Po^'^=  4R?TR7  I  for   the   first 

3  (Ba»-B,)/>,  +  3Bi»Pi  f     cylinder. 
Po^^^  =  4B,»-Ro^ ] 

And  from  the  general  equations  of  equilibrium  for  the  system,  to  ex- 
press the  variations  of  pressare  in  the  assembled  system  for  changes  of 
Btate,  we  have : 

qix  „       ^  ^      5  B,»  (B,»-Bx^)  E, 

"^^^    •    •   P'"  EjB?— B,2)  (4  Bj^+Bi'^j+Ei  (B,2_Bi*)  (4B,»+Bi»-^» 

First  values  for  the  normal  pressures^  system  in  action. — By  formulas  (30): 

Pi    =6.39112 
Pp(2)- 18.2959 

Variations  of  pressure^  system  assembled. — By  formula  (31) : 

Pi  =  ep^  log.  c= (9.1196966) 

Pressure  incident  to  the  state  of  rest. — ^By  formulas  (9)  and  (10): 
|>i=  _  c  Po  =  —  2.4102  Pi'=Pi+i?x=6.39112  —  2.4102  =  3.9809 

The  shrinkage  computed  for  the  state  of  rest. — ^Wehave  Pj'ssO;  and  by 
formula  (18): 

<px  =  0.0002626+0.0010028+0.0012654 

Tangential  compression  of  bore  of  tube,  system  at  rest. — By  formula  (24) : 

JB. 


Ro 


»  =  — 0.0006462 


These  values  for  the  shrinkage  and  compression  of  the  bore  are  not 
excessive,  but  wishing  to  use  a  single  shrinkage  value  for  the  whole  of 
the  O  row  of  hoops  and  considering  the  adjustment  of  the  system,  es- 
pecially the  compression  of  bore,  at  the  muzzle  end  of  this  row  (see  fol- 
lowing), we  take  the  value  already  named  as  suitable  for  the  whole,  viz: 

9>i=0.001 
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The  condition  of  the  system  then  becomes  as  follows: 
Ptessure  incident  to  the  state  of  rest — By  formula  (18),  with  P,'=0,  and 
9>i  given,  we  And, 

P/ =3.1464 
Tangential  compression  of  hore  of  tube^  system  at  rest — By  formula  (24): 


Bo 


4  =  —  0.000610672 


Pressures  incident  to  the  state  of  action. — The  interior  resistance  is  lim- 
ited by  the  elastic  strength  of  the  tube  cylinder,  which  with  Pi'=3.1464 
becomes,  formula  (8) : 

Po= 17.648 
and  for  the  remaining  pressure  value  we  find 

j>i  =  —cPo  =  — 2.31164 
then 

Pi=Pi'  —  j>i=3.1464+2.31164=6.468 

Tangential  tension  of  the  hoopy  system  in  action, — Substituting  the  above 
value  for  Pi  with  the  necessary  changes  of  notation  in  formula  (27),  we 
find: 

ft=19.642 
which  leaves  the  hoop  with  a  considerable  reserve  of  elastic  strength. 

Section  through  hoof  Og,  at  base  of  incline. 

p^=^=22.143  6'i=23.0  £^=0.0016  £1=0.00161 

Eo=13,840  Ei=14,286  £^=4.0  Ri=7.875  B^=9.79 

First  values  for  the  normal  pressures^  system  in  action. — By  formulas 
(30) : 

Pi=6.2407  Po  ^«> =17.3736 

Varioitions  of  pressure,  system  assembled. — ^By  formula  (31) : 

jpi=<5Po  log.  o=(9.0600416) 

Pressure  incident  to  the  state  of  rest — ^By  formulas  (9)  and  (10) : 

j>i=  —  cPo=  — 1.94964 
Pi'=Pi  +  i>i=6.2407  —  1.94964=3.29116 

The  shrinkage  computed  for  the  state  of  rest — ^We  have  F/sO;  and 
by  formula  (18) : 

^=0.0002171  +  0.001011=0.0012281 
Tangential  compression  of  bore  of  tube,  system  at  rest — ^By  formula  (24) : 

^9  =  -  0.00063417 


BEPOfiT  OF  THE  CHIEF  OF   ORDNANCE.  375 

Since  the  compression  of  the  bore  ends  with  the  hooping,  it  is  thought 
best  to  slightly  reduce  the  above  shrinkage  value  and  compression  of 
bore,  and  to  arrange  the  shrinkage  with  a  view  to  make  the  steps  of  the 
compression  about  equal  at  this  place  and  at  the  end  of  the  double 
hooping  to  the  rear.  The  value  a?i =0.001  fulfills  the  requirements  of 
the  case  and  enables  a  uniform  value  to  be  used  for  the  whole  0  row  of 
hoops  as  before  stated.  It  reduces  the  amount  of  unnecessary  strain 
in  this  part  of  the  gun  for  the  system  at  rest  and  provides  an  ample 
value  for  P^. 

We  then  take  ^i=0.001  and  find  the  condition  of  the  system  as  fol- 
lows: 

Pressure  incident  to  the  state  of  rest — We  have  (pi  given  and  P/  as 
0 ;  then  formula  (18) : 

P/ =2.6797 
Timgential  compression  of  bore  oftvbe^  system  at  rest. — By  formula  (24) : 

^^  =  —  0.00043493. 

Pressures  incident  to  the  stati^  of  action. — ^The  interior  resistance  be- 
comes, formula  (8) : 

Po=16.835 

and  for  the  remaining  pressure  value 

pi=  -oPo=-  1.8891 
then 

Pi^Pj/  —  j)i=2.6797+1.8891=4.5688 

Ta/ngential  tension  of  the  hoop^  system  in  action. — By  formula  (27) : 

^1=20.051 

Using  the  shrinkage  ^=0.001,  the  pressure  in  the  state  of  rest  as 
shown  above  is  P/ =2.6797,  which,  formula  (27),  will  make  the  tangen- 
tial tension  in  the  hoop  at  rest  as  follows : 

^1=11.76  tons  or  26,343  pounds  per  square  inch,  which  may  be  re* 
garded  as  amply  sufficient  to  prevent  any  loosening  of  these  hoops  in 
the  service  of  the  gun.  « 

,  Dnhooped  portion  of  the  tube. 

The  elastic  resistance  of  any  section  of  the  hollow  cone  which  forms 
the  muzzle  end  of  the  gun  is  derived  from  the  following  formula : 

/32) p      3(Bi«-Bo«)  e^ 

^t  the  base  of  this  cone,  acyoiuing  the  hoops,  we  have :  9^=22.143^ 
B^=4,  and  Bi=7.875.    Then,  formula  (32) : 

P^=11.576. 

At  the  muzzle  we  have  9^=22.143,  Bo=4,  and  Biss6.6;  hence, 

P3=9.426 
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The  foUowiDg  table  contains  a  summary  of  the  values  adopted  from 
the  results  of  the  tests  of  detached  specimens  to  represent  the  physical 
properties  of  the  metals  within  the  elastic  limits,  and  also  the  results 
of  the  preceding  computations  which  relate  generally  to  the  action  of 
the  tangential  and  radial  forces  of  the  system,  or  those  which  act  in 
planes  perpendicular  to  the  axis  of  the  gun : 

Summary  table  of  values  and  reeulU  of  camjputationi, 
[Phyaioal  properties  of  the  metals.   Limitiiig  yalnes  assumed.] 


Tnbe. 

Jacket 

Ahoops 
except- 
ing Ai. 

Hoop 

B  hoops, 

excepting 

trannion 

hoop. 

Trann- 
ion hoop. 

0  hoops. 

Notations. 

Double 
hooping. 

Single, 
hooping. 

D  hoops. 

p  tonspersqnare  inch 
0  tons  per  sqnareinch 

cinches 

Stons  per  square  inch 

22.143 
22.148 
0.0016 
18.840 

20.0 
20.0 
0. 001445 
13,840 

24.28 
24.28 
0.0017 
14,286 

28.0 
28.0 
0.00161 
14,286 

22.82 
22.82 
0. 0015625 
14,286 

16.0 
l&O 
0.001408 
10,714 

23.5 
28.5 
0.001645 
14.286 

28.0 
28.0 
0.00161 
14,286 

2L8 
aL8 
0.001886 
14,286 

Sections  of  the  gnn. 


Breeeh: 

Sinjde  hooping. . 
Dooolehooping. 

Breechof  tabe 

Powder-chamber . . . 
Between    chamber 
and  tninnlon  hoop . 

Tnumion  hoop 

Base  of  hoop  Ai — 
Shoulder  or  Ja<^et 
(within   front 

•dge) 

Forward  end  of 

iacket    (within 
•M) 

Middle  of  D  row  of 
hoops  (outside) . . . 
Base  of  G  row  of 
hoops  (single  hoop- 
ing)   

Xna  hoop  of  G  row 
of  hoops  (foot  of 

incline) 

tTnhoopeid   portion 
of  gun: 

Kwe 

Muxile 


Do. 


IfL 

11.0 

11.0 

0.5 

9.5 

ao 

8.0 
&0 


8.0 

&0 
&0 

8.0 

8.0 


8.0 
8.0 


Diameters. 


Di. 


In. 

22.0 

22.0 

18.0 

14.0 

14.0 
14.0 
14.0 


14.0 

14.6 
15.75 

15.75 

15.75 


15.76 
18.0 


Df 


In. 
26.8 
26.8 
22.0 
22.0 

22.0 
22.0 
22.0 


28.2 

19.8 
19.8 

10.75 

ia58 


Ds. 


In, 

31.5 
26.3 
26.3 

26.8 
26.8 
80.0 


20.28 

25.8 
24.651 


D4. 


In. 


31.5 
81.5 

81.5 
82.76 


Shrinkages. 


First. 


•I 

*»  8 


1.494 
1.404 
0.78051 
0.85594 

0.85504 
0.85594 
0.85594 


0.85594 

0.855941 
1.000 

1.000 

LOOO 


S 

d 

I 


IntA. 

0.0829 

0.0320 

0.010 

0.012 

0.012 
0.012 
0.012 


0.012 

0.0122 
0.0160 

0.0160 

0.0157 


Second. 


«  0 

'^  2 

p5« 


0.5416 

1.404 

1.494 

1.494 
1.494 
1.4044 


1.4044 

L8645 
1.2416 


i 

0 

I 


In€h. 


0.0142 
0.0329 
0.0329 

0.0829 
6.0329 
a  031 


0.0826 

0.027 
0.0846 


Third. 


-I 

53 


1.2173 
1.2873 

L28T2 
LS»72 


S 
I 


JnatL 


0.0841 
0.0641 

Ol0841 
0.08tt 
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Summary  table  of  values  and  results  of  computations — Continued, 


Seotiona  of  the  gun. 


Breeob: 

Single  hooping 

Doable  hooping 

Breeoh  of  txibe 

Powder-chamber 

Between  chamber  and  tron- 

nionhoop 

Tnmnion  noop 

Base  of  hoop  Ai 

Shoulder  of  Jaohet  (within 

ftont  edge) 

Vorwud  end  of  Jacket  <  within 

fftoe 

Middle  of  D  row  of  hoops 

(oatslde) 

Base  of  C  row  of  hoops  (single 

hooping) 

Snd  hoop  of  C  row  of  hoops 

(foot  of  incline) 

XJnhooped  portion  of  gnn : 

Base 

Muscle 


System  at  rest. 


Normal  pressure 
per  square  inoh. 


Pi' 


Tong. 

8.48 

4.07 

&184 

7.168 

8.54 

&90 

&70 

8.28 

6.88 

a  15 

2.68 


»Pi' 


Tons. 


L82 

6.679 

&579 

6.77 
6.46 
4.78 

4.25 

4.?0 

8.62 


Pi' 


Tent. 


8.214 
8.214 

8.26 
2.93 


Belative 
tangential 
compres- 
sion. 


•§1 

o  e 


0.5586 

0.750 

0.222 


8<3 


& 


1.60 
1.60 


System  in  action. 


Normal  pressures  per 
square  inch. 


P« 


Tons. 


24.76 
24.774 


Pi 


Tons, 


1. 527  24. 87 
1.48824.56 
1.25028.00  18.26 


18.29 
17.288 

15.54 
15.15 


1.200 

1.078 

0.96 

0.51 

0.485 


22.72 


12.91 


2L  568 10. 34 
20.775  a96 


17.66 

16.88 

11.58 
9.48 


6.46 
4.57 


Pt 


Tons. 


9.25 
9.26 

a62 
a  21 
a  21 

a87 

6.49 
4.70 


Pi 


rail 


Tofhs. 


4.82 
4.32 

4.03 
a66 


Working 
limits  of  inte- 
rior fibers 
of  outer  hoop. 


22.32 
22.32 


20.81 
15.522 
22.88 

2125 


3i 


Inoh. 


0.0016685 
0.0015626 


0. 0014564 
15.5260.001449 
0.001668 


22.82* 
21.374 
19.64 
20.05 


0.0015572 

0.0015974 

0.001496 

0J)0148& 

0.001486 


*  This  exceeds  the  yalne,  0s =21.8  adopted^  but  it  is  still  about  10  per  cent  below  the  elastio  limit  de* 
termined  for  the  metal  of  these  (D)  hoops  by  the  tests  of  dutaohed  specimens. 

In  the  plate  is  shown  to  given  scales  the  curves  of  velocity  and  pow- 
der pressure  for  a  powder  charge  of  100  pounds  and  projectile  weighing 
285  pounds,  the  ''density  of  loading"  being  taken  at  0.9;  these  compu- 
tations were  made  in  the  office  of  the  Chief  of  Ordnance,  XT.  S.  Army. 
The  plate  shows  also  the  curves  of  relative  compression  of  bore  of  tube 
and  breech-recess  in  jacket  for  the  state  of  rest,  and  the  computed  elas- 
tic resistance  of  the  gun.  The  computed  shrinkages  for  the  gun  are 
written  in  their  appropriate  places  and  are  expressed  in  relative  and 
absolute  values. 


LONGITUDINAL  BBSISTANCE  OP  THE  CHJN. 

The  jacket  cylinder  is  called  upon  to  support  the  longitudinal  thrust 
developed  by  the  pressure  in  the  powder-chamber  when  the  gun  is  fired* 
This  pressure,  acting  upon  the  bottom  of  the  bore,  is  transmitted  through 
the  head  of  the  block  and  the  block  itself;  first  to  the  bearing  surface 
of  the  thread  in  the  screw  recess,  where,  since  the  pressure  acts  upon 
the  surface  of  the  thread  alone,  the  effect  is  such  that  the  strain  upon 
the  jacket  is  locally  confined,  at  least  in  a  great  measure,  to  the  fibers 
at  the  interior  of  the  jacket  or  the  bottom  of  the  threads  of  its  screw ; 
and  second,  to  the  whole  cross-section  of  the  jacket  in  a  measure  which 
will  approach  a  uniformity  of  strain  in  the  whole  sectional  area  on  leav- 
ing the  zone  of  intense  local  (iaterior)  strain  at  or  near  the  base  of  the 
thread  as  above  indicated.    In  this  gun  we  have  to  consider  two  planes 
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of  weakness,  or  rather  two  places  at  which  the  longitudinal  resistance 
of  the  cylinder  will  be  most  severely  tested.  The  first  follows  the  base 
of  the  thread  in  the  jacket  for  one  complete  tarn  at  the  forward  portion 
of  the  thread.  The  second  is  in  the  zone  lying  between  a  plane  perpen- 
dicular to  the  axis  of  the  piece  through  the  base  of  the  spindle  head  of 
the  block  and  a  similar  plane  through  the  rear  face  of  the  tube.  This 
zone  may  be  considered  sufficiently  removed  from  the  locality  of  the 
thread  to  warrant  the  assumption  that  within  its  limits  the  longitudi* 
nal  strain  thus  far  considered  shall  be  uniformly  distributed  through- 
out the  cross-sectional  area  of  the  jacket. 

We  will  consider  the  longitudinal  resistance  in  relation  to  the  safe  tan- 
gential resistance  of  the  gun  as  already  determined,  that  is,  instead  of 
seeking  the  extreme  elastic  longitudinal  resistance  we  must  determine 
the  amount  of  longitudinal  strain  under  tbe  supposition  that  the  inte- 
rior pressure  in  the  powder-cbamber  is  given  by  the  value  Po=24.764 
tons  per  square  inch  previously  deduced  for  the  ^'  section  near  breech 
of  tube."  The  amount  of  strain  so  determined  may  then  be  compared 
with  the  elastic  properties  of  the  metal  determined  by  the  free  tests  to 
ascertain  if  the  longitudinal  resistance  is  within  safe  limits. 

Assuming  that  the  pressure  in  the  powder-chamber  may  reach  the 
value  Po=24.764  tons  per  square  inch,  the  total  pressure  upon  the  bot- 
tom of  the  bore  or  chamber,  which  has  a  radius  of  4.75  inches,  will  be : 

n  Ro'  F>=  1755.3  tons 

which  represents  the  maximum  rear  thrust  acting  parallel  to  the  axis 
of  the  piece  that  would  be  transmitted  through  the  block  to  the  bear- 
ing surface  of  the  thread  in  the  screw  recess  of  the  jacket.  This  pre- 
supposes that  the  gun  has  no  recoil,  and  moreover  neglects  the  force 
expended  in  compressing  the  gas  check  pad  and  the  friction  of  the  gas 
check  against  the  wall  of  the  tube.* 

The  cro88'Section  of  jacket  near  breech  of  tube. 

It  is  assumed  for  this  cross-section  that  the  longitudinal  strain  is  uni- 
formly distribut'Cd  throughout  the  area.  We  arrive  at  a  value  for  the 
strain  by  considering  the  displacement  of  the  fibers  in  the  direction  of 
the  length.  Such  displacement  is  produced  not  only  by  the  pressure 
on  the  bottom  of  the  bore  When  the  gun  is  fired,  but  also  by  the  normal 
pressures  which  then  act  upon  the  jacket  cylinder  and  tend  to  change 
its  length.  The  following  formula  expresses  the  longitudinal  resist- 
ance per  square  inch  in  the  cross-section  of  the  jacket  under  considera- 
tion, due  to  the  powder  pressure  in  the  bore  combined  with  the  interior 
and  exterior  normal  pressures  acting  upon  the  jacket  cylinder,  viz : 

/34U                          T.  -,3  Bo'  Pq-  2  (B,'  P, -  B.'  P,) 
^"^^^ ^' 3(B.«-B?) 

*The  discassion  relating  to  '*the  strain  upon  the  thread"  will  snbseqaently  be 
printed  as  an  appendix  to  this  not«. 

tThis  equation  is  derived  as  follows:  The  expression  for  the  relative  change  in 
length  of  fiber,  from  Virgile  (page  12,  Notes  on  the  Constmction  of  Ordnance,  No.  9)  is : 


In  this  we  substitute : 


+iO-i+i) 


'      E««-Jt,' 
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The  values  previonsly  deduced  for  the  normal  pressures  in  the  state 
of  action  (section  near  breech  of  tube)  are  as  follows : 

P. =24.764:  Pi  =  18.293  P,  =  9.248 

which,  being  substituted  in  equation  (34),  give,  by  reduction, 

Li=9.99  tons  per  square  inch. 

This  is  a  comparatively  low  value,  but  it  does  not  take  into  account 
the  torsional  strain  in  the  angle  of  jacket  at  breech  of  tube  due  to  the 
difference  of  tangential  displacement  of  the  interior  fibers  of  the  jacket 
when  the  system  is  in  action  on  the  opposite  sides  of  a  right  plane 
through  this  angle.  To  diminish  the  amount  of  this  torsional  strain 
the  slmnkage  of  hoop  Bio  has  been  made  comparatively  light,  as  already 
shown. 

OHANGES  IN  LENGTH  OF  TUBE  AND  JACKET  DX7E  TO  SHBINKAaB. 

Theoretical  rule.*  Eelative  increase  in  length  of  tube  equals  one- 
third  the  relative  tangential  compression  of  bore ;  and  relative  decrease 
in  length  of  jacket  equals  one-third  the  relative  tangential  extension  of 
its  exterior  cylindrical  snrfiEuse. 

Oonfine  application  of  rule  to  changes  of  lengths  induced  by  the  as- 
semblage of  tube  and  jacket  alone  since  experiment  t  has  shown  that 
when  the  hoops  are  applied  the  tube  and  jacket  will  take  up  practically 
the  same  increase  of  length. 

The  following  is  required : 

(1)  Shrinkage  and  constants  given  deduce  the  normal  pressure  at 
the  contact  surface  due  to  the  shrinkage. 

(2)  Find  relative  tangential  compression  of  bore  of  tube  and  exten- 
sion of  exterior  cylindrical  surface  of  jacket  produced  by  that  pressure. 

(3)  Take  one- third  of  these  respective  values  with  a  contrary  sign  to 
express  the  relative  changes  in  length. 

The  formulas  for  application  are  as  follows : 

and  from  equations  (5)  and  (6),  page  6,  Notes  on  the  Construction  of  Ordnance,  No.  6, 

x^ Pi  Ri«-P»  R»«  ,  B,i  B,«  (Pi-P,)  1  ^ _P|R,«-P«R.«  ,  B|«B,«(Pi-P«)l 

E,«-Ri«     ^      B9«-Ri«        r«  ^  Ra«-Bi»      "^       R«»-Ri«      t* 

The  reduction  gives,  adopting  the  nomenclature  from  Clayarino, 

<<A>t_l  3Ro«Po~2(R|«Pi— Rg'PQ 
dhi       E  3(R««— Ri«) 

If  Li  represent  the  resistance  per  unit  of  area,  we  have 

Whence,  by  combination  with  the  preceding  equation,  we  obtain  e<^uation  (34)| 
given  above,  in  which  Li  mav  be  taken  to  represent  the  load  corresponding  with  the 
elonscation  induced,  or  it  is  the  resistance  of  the  metal  to  elongation  which  maintains 
the  equilibrium  of  the  forces. 

*  The  theoretical  rule  is  given  by  Virgile.  The  formulas  here  used,  which  are  in 
•ocord  with  that  rule,  depend  upon  Clavarino's  formulas  with  the  omission  of  the 

p  09 p/  -oh 

faotor  q  =    'p/i     r>%     '^^  using  instead,  9=0. 

t  See  summary  table  of  results  of  hooping  test  for  this  gun.  (Notes  on  the  Con- 
atmotion  of  Ordnance,  No.  32.) 
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First.  For  the  pressure  (see  formula  (18)  for  the  form  of  the  equa- 
tion), P,'=o): 

^^(4Bo'  +  2B,')Pi    .     (4B.'  +  2B,')Pi 
^       3  (JRi'-Eo*)  Bo     ^     3(R,«-Bi«)Bi 

from  which 

/36X         ^_  3  (Bi'~B,«)  Eq  .  3  (B.'--Bi')  Ei  .  (pi 

^^•'      '     3  (K,«-Bi«)  El (4 B*+2 Bi,)  +  3 (Eu-E.^)  E, (4 B,«  +  2 Ei*) 

Second.  For  relative  tangential  compression  of  bore  of  tube : 

/Qfiv  ^Bo  __       2 Bi*  Pi 

^^ Bp    -      (Bi.~B,«)Bo 

Third.  For  relative  tangential  extension  of  exterior  cylindrical  surfiEMse 
of  jacket : 

/Q7\  -^B^,  _       2Bi'Pi 

^  ^^ "ET  ""  (B,««Bi.)  El 

iS^tion  a*  6reajfco/ti«6«.— With  9?i =0.0007805 1,  we  find: 

Pi =2.0133 


Bo 
JB,_ 


0.00062441  ^=0.000208 


^^  =0.0001561  J=0.000052 

The  chamber  aeoiion.— With  ^1=0.00085594,  we  find: 

Pi=2.3373 
:^=0.00062606  J=0.0002087 

^=0.0002988  J=0.0000996 

Section  front  front  of  chamber  to  rear  of  shoulder  on  jacket — With  9?i= 
0.00085594,  we  find : 

P;;=2.7352 

-^=0.00058693  ^=0.0001956 

Bo 

:^=0.00026901  J=0.00008967 

Section  embracing  shoulder  on  jacket. — With  9>i= 0.00085594,  we  find: 

■p =2.8786 

^= 0.0006177  i=0.0002059 

Bo 

^=0.00023824  J=0.0000794 
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Section  embracing  screw-thread  an  jacket. — ^With  ^=0.00085694,  we 
find: 

Ti=2.2831 

^=0.00047434 


^=0.000158 


0.0003816 


^=0.0001272 


From  which  we  derive  the  following : 


Section  of  gun. 


Lenf^of 
section. 


Extension  of  tube. 


A.t  breech  of  tnbe 

Over  chamber 

Front  of  chamber  to  rear  of  shoulder  on 

Jacket 

Snoolder  on  Jacket 

Screw 


Totals. 


4.6 
41.5 

88.0 
8.0 
8.5 


90.6 


Belative. 


.208 
.2087 

.1056 
.2059 
.158 


Absolnte. 


Inch, 
0.000936 
0.008661 

0.006455 
0.000618 
0.001348 


0. 018018 


Contraction  of  Jacket. 


BelatiTe. 


ThofUMmdOiB. 
.052 
.0996 

.0897 
.0794 
.1272 


Absolate. 


Inch, 

0.000284 
0.004181 

0.002960 
0.000238 
0.001081 


0.008646 


Then,  by  the  theory,  when  the  jacket  is  shrank  on — 

The  tube  wiU  be  extended , :=  0.018 

The  jacket  ^111  he  contracted r=0.0086 

Sum =0.0266 

The  hooping  experiment  of  the  chamber  section  proved  that  as  regards 
the  extension  of  the  tube  the  theoretical  rule  is  practically  correct.  With 
regard  to  the  contraction  in  length  of  jacket  the  experiment  showed  that 
it  was  much  less  than  the  rule  would  indicate.  But  the  experiment  was 
not  conclusive  on  this  point,  and  the  shrinkage  then  used  was  only 
about  one-half  of  the  present.  On  the  whole  it  is  estimated  that  the 
relative  contraction  in  length  of  the  jacket  will  in  this  case  be  about 
one-eighth  the  relative  extension  of  its  exterior  cylindrical  surface. 

Considering  the  distance,  86  inches,  between  the  two  shoulders  on  the 
tube  against  which  we  wish  the  jacket  to  fit  closely  without  strain,  we 
find: 

Inches* 

Extension  of  tnbe=0.018013— 0.000936 =0.0171 

Contractionof  jacket =1(0. 008646  — 0.000234) =0.0031 

Snm =0.0202 

Hence  if  the  finished  length  in  the  jacket  between  these  shoulders  is 
made  86  inches,  the  finished  length  on  tube  should  be  at  least  0.02  of 
an  inch  less,  or  85.98  inches. 

KoTE. — The  fixed  dimensions  and  allowances  prescribed  in  this  con- 
nection for  the  actual  construction  of  the  gun  are  as  follows : 

Inches. 

Length  of  jacket  from  front  face  to  first  shoulder 86.00 

Corresponding  length  on  tnbe 85.96 

Lengtli  of  short  conn  terbore  in  jacket 4.50 

Corresponding  length  on  tube 4.49 

which  gives  a  total  allowance  of  0.06  of  an  inch  on  length  of  tube  within 
jacket  over  the  whole  length  of  90.5  inches. 

B.  BIBNIE,  Jb., 
Lieutenant  of  Ordnance. 


PLATE  1. 


I 


Appendix  34. 


TABLES  OF  FOEGINGS  FOB  8, 10, 12,  AND  16  INCH  STEEL  GUNS. 

BT  LI2UT.  F.  £.  HOBBS,   ORDKANCB  Dl^^ABTMEKT. 

Offigb  of  Inspectoe  of  Obdnanoe,  IJ.  8.  A., 

MiDYAXE  Steel  Works, 
Philadelphia^  Pa.^  September  23, 1886. 

The  Chief  of  Obdnanoe,  U.  8.  Army, 

Wdshingtarij  2>.  (7. ; 

Sib  :  In  obedience  to  year  instrnctions  I  have  prepared,  and  have 
fhe  honor  to  transmit  herewith,  tables  showing,  as  nearly  as  can  be  now 
determined,  the  dimensions  and  weights  of  the  forgings  required  in  the 
construction  of  8-inch,  10-inch,  12-inch,  and  16- inch  steel  guns ;  there 
is  given  also  the  rough  finished  dimensions  and  weights  of  the  forgings 
as  they  should  be  delivered  by  the  steel-makers,  and  the  approximate 
dimensions  and  weights  of  the  rough  forgings  and  the  ingots  to  be 
used. 

Very  respectfully,  your  obedient  servant, 

F.  E.  HOBBS, 
Lieutenant  of  Ordnance. 

Forgings  far  S4nch  B,  L,  steel  gun. 


Kataxe  of  piece. 


Tube  . 
Jacket 


5  oommon  hoops 
1  oommon  hoop . 
1  common  hoop . 
1  common  hoop . 
1  common  hoop . 
1  common  hoop . 
Tnumlonhoop.. 


Total  weieht  of  rongh 
flniaheofbrgings 


i 


I 


Inehes. 


&0 


} 


9.5 

16.0 
10.6 

28.5 

28.5 

20.25 

10.25 

18.76 

16.75 

2&60 


Finished. 


I 


I 


\ 


Jhehst. 

513.00 
15.75 
15.00 
20.5   ) 
23.5  i 

80.0 

29.5 

28.25 

20.25 

22.25 

21.50 

8L00 


! 


Inehss. 
261.5 

108.26 

l&O 
9.76 
20.50 
11.75 
19.00 
19.00 
18.50 


Tont. 
4.01 

8.70 

Poundt. 
6,160 


1,280 
883 
012 
772 

1,600 


Sough   finished  as  delirered  by 
steel-makers. 


I 

4) 


I 

S 


Inches, 

7.75 

04.76} 
>  10. 26  5 

28.25 
23.25 
20.00 
16.00 
16.50 
16.50 


I 

a 
8 


Indus. 
ri8.6  ) 
^16.0  [ 
(15.25> 

23.75 

80.25 
29.76 
26.50 
20.60 
22.50 
21.75 


i 
J 


Inehes. 
264.0 

110.0 

16.25 
10.00 
20.75 
12.00 
19.25 
19.25 


4i 


Tons. 
4.70 

4.06 

Pounds, 
6,708 

772 
1,402 

442 
1,008 

866 
1,660 


82,445 
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Forging  for  8-inoJi  B.  L.  steel  gun — Continued. 


Katxueofpieoe. 


Tube  . 
Jacket 


{ 


Of  rough  forging. 

i 

J 

« 
§ 

• 

fl 

o 

^ 

1 

1 

1 

Tan». 

Inehet. 

Ineh§i. 

14.60) 
17.25> 
16.50) 

272.0 

7.65 

25.0 

118.0 

7.35 

Of  ingot. 


I 
I 


Inehet, 

87  diameter) 

or         > 

83  eqnare.  ) 

56  cUameter) 

or         > 

'.  ) 


1 
i 


45  square. 


Forgingafor  10-ineh  B,  L,  steel  gun. 


Nature  of  piece. 


Tube I 

Jacket { 


6  common 
6  common 
1  common 
1  common 
1  common 
8  common 
1  common 
1  common 
1  common 
Trunnion 


hoops 

hoops. 

hoop.. 

hoop.. 

hoop.. 

hoops. 

hoop.. 

hoop.. 

hoop.. 

hoop .. 


Total  weight  of  rough- 
finished  lorgings 


Finished. 


I 

•c 


Inehit. 

10.0? 
12.  Oj 

lao 

13.5 

83.0 
27.7 
27.7 
24.7 
24.7 
19.7 
19.7 
19.7 
19.7 
83.0 


I 
I 

X 


lnch«$. 
C     16.5) 

i  l&O) 
24. 7  ( 
27. 7  S 


30.5 
33.0 
37.5 
32.5 
31.0 
24.7 
26.0 
25.5 
24.5 
39.5 


Inchst. 
825.7 

134.0 

20.0 
10.0 
15.0 
21.0 
21.0 
16.5 
l&O 
l&O 
18.0 
16.6 


Tout, 
7.75 


6.2 

Fvundt. 
10,080 
8,050 
2,145 
2,100 
1,688 
1.640 
1,160 
1,056 
905 
2,686 


Bough  finished  as  deliTcred    by 
steel-makers. 


I 
§ 


I 


Inehu. 

9.75 

f   17.75> 
\   18.255 

32.75 

27.45 

27.62 

24.5 

24.5 

19.5 

19.5 

19.5 

19.5 


i 

9 

a 

I 


Inohu. 
(  16.75) 
I   19.95> 
(  18w25) 

27.95 


89.75 
38.25 
37.75 
82.75 
31.25 
25.00 
26.25 
25.75 
24.75 


ts 

s 


t 


Inehst, 
82&2 

135.25 

16.25 
16.25 
15.25 
2L25 
21.25 
16.75 
18.25 
18.25 
18.25 


Tonw. 
a54 

6.85 

Pounde, 
11,100 
9,030 
8,128 
2,278 
1,736 
1,884 
1,200 
1,100 
060 
2,785 


Nature  of  piece. 


Tube- 
Jacket 


\ 


Of  rough  forging. 


S 


•s 


Inchet. 
l&O) 
21.2  V 

.18.6) 


29.2 


i 

s 


Inehu. 
841.2 

148.25 


4i 

'St 


2Vm«. 


Of  ingot. 


Inehu. 
42  diameter  ) 


'Si 
'5 


IncAst. 


i42  diameter)  r,^  ^.s 
88  square.    )  <^^  ®^ 
1(68  diameter)  L-nQ  |., 
12.56^         or  >I?S*JJ 

(61  square.    )1<70.05 
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Forging%foT  l^-inch  B,  L,  steel  ffun. 


Finldi«d. 


]f ataie  of  pleoe. 


jAckat 


I 


S 


Inekte. 


0  Mmnon 
9  oonunon 

1  oommon 

1  oommon 

1  oommon 

2  oommon 
1  oommon 
1  oommon 
1  oommon 
Trunnion 


hoops, 
hoops. 

hoop.. 

hoop., 
hoop., 
hoops, 
hoop., 
hoop., 
hoop., 
hoop.. 


12.0 
14.6 

21.8 
l&O 


1 


Total  weight  of  rongh- 
flnishod  forglngs 


89.80 
88.00 

83.00 

29.50 
29.50 
23.00 
23.00 
28.60 
23.00 
80.80 


i 


» 


C   4&0    ) 
i    30.8   5 


48.0 

89.8 

45.0 

30.8 

39.0 

87.0 

29.5 

81.2 

80.5 

29.75 

49.20 


89L0 

100.9 

23.0 
22.0 

22.0 

25.6 
25.5 
18.0 
22.0 
22.0 
22.0 
19.8 


Tom, 
18.22 

10.2 

Poundt. 
18.486 
14,028 

8,004 

8,715 
2,847 
2,525 
1,992 
1,762 
1,563 
4,850 


Rough  finished  m  delirered   hj 
stoel-makors. 


Inchei. 

11.76 

r     2L55 
E     15.60 

89.50 
82.75 

82.75 

29.86 
29.26 
23.86 
23.35 
23.35 
23.35 


^ 


\ 


Inehse. 
20.06 
28.85 
22.06 
85.76 
83.26 

48.26 
40.06 
45.26 
40.05 
89.25 
87.25 
29.76 
81.46 
30.75 
80.00 


26.76 
26.76 
18.26 
22.26 
22.25 
22.26 


19,775 
16,888 

8,907 

3,948 
3,000 
2,778 
2,210 
1.993 
1,768 
4,700 


Kature  of  piece. 


Tnho. 


\ 


Jaoket 


Of  rough  forging. 


S 

a 

eB 

u 

o 

s 

M 


Tnehe* 
21.75 
25.50 
23.60 


\ 


d 

2 


Inchei. 
407.0 


175. 5 


38.0    \ 

35.0   5 
Forged    on 
mandrel. 


Tom, 
23.76 


22.0 
19.04 


fneheg. 
50  diameter. 

or 
45  square. 
f68  diameter 
or 
60  square. 
75  diameter 
I  or 

t   66  square. 


i  160.0 
155.0 


)  I  12.  0^ 


Alternate 
design. 


40.0 


82.0 


S  8. 89*     ) 
^3.84    15 


55.0 


*  Qreatest  oross-sectlon  of  rough  forging  used  in  this  comparison. 
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Forgingafor  Id-ineh  B.  L,  tieel  yun. 


Nature  of  pleo«. 


« 

8 

« 


I 

d 


Fisished. 


9 

I 

'9 
u 

s 


lUragh   finished  ae  deliyered   by 
steel  makers. 


2 


^ 


MM 

I 


I 

o 

I 

M 


u3 

a 
o 

•J 


I 


I 


.1 


Tube. 


Inchet.     Inches.    \  Inches. 

521.0 


Tone.       Inches. 


16. 
19. 


Jacket 


S\       28.0     ) 
i         21.0    } 


,  C22.0V 
'  (28.0j 


22.92 


Sleeve  ... 
1  common 
3  common 
1  common 

1  common 

2  common 
1  common 
1  common 
1  common 

1  common 

1  common 
1  common 
1  common 

1  common 

2  common 
1  common 
1  common 

common 
1  common 
1  common 
Toommon 
Tronnion 


hoop., 
hoops, 
hoop., 
hoop., 
hoops, 
hoop., 
hoop., 
hoop.. 

hoop.. 

hoop., 
hoop., 
hoop., 
hoop., 
hoops, 
hoop., 
hoop., 
hoop., 
hoop., 
hoop., 
hoop., 
hoop .. 


40.0 
55.3 
55.3 
46.5 
47.5 
47.5 
47.6 
4&3 
88.0 

40.0 

4&3 
87.0 
87.0 
20.6 
28.0 
27.0 
26.0 
2&0 
24.0 
28.0 
22.0 
55.8 


40.0 

47.5 
66.5 
64.5 
55.3 
55.8 
55.3 
55.3 
55.3 
47.0 
(49.8 
^48.8 
60.0 
51.0 
48.0 
88.4 
37.0 
86.0 
34.0 
32.0 
30.5 
29.5 
28.0 
66.5 


223.2  ,     19.0 


124.2 
37.1 
37.0 
48.2 
24.0 
34.0 
30.0 
21.0 
36.0 

49.0 

26.0 
40.5 
40.5 
35.6 
86.0 
36.0 
86.0 
36.0 
36.0 
86.0 
86.0 
42.0 


\PQWids.' 

18,184 

11,291 

27,292 

9,633 

4,293 

12.165 

5,366 

3,397 

6, 526  . 

8,209 

7.340  ' 
11, 132  ' 
8,448 
4,753 
9,397 
4,553 
8,855 
8.204 
2.845  I 
2,741  I 
2,409  I 
12,782 


15.75 


5  27. 76  ?  : 
}20.6   \\ 


39.75 
55.06 
55.05 
46.25 
47.25 
47.25 
47.25 
48.05 
38.76 

39.75 

4&05 
36.75 
36.75 
29.35 
27.75 
26.75 
25.75 
24.75 
28.75 
22.76 
21.76 
65.06 


Inches,   \lnches. 
626.0 


40. 26         227. 0 


;} 


47.76 

66.75 

64.75 

65.56 

55.65 

65.66 

55.55 

55.65 

47.25 
C  50. 05  > ' 
(48.55 

60.25 

51.25 

48.25 

88.65 

37.25 

36.25 

84.26 

82.25 

80.76 

29.75 

28.25 

66.75 


124.45 
37.35 
37.25 
48.45 
24.25 
84.25 
30.25 
21.25 
86.25 

49.25 

26.25 
40.76 
40.76 
86.86 
86.25 
86.25 
86.25 
86.35 
36-25 
8&26 
36.26 
42.25 


Tons. 
'      26La7 

21.16 

Pwm4». 
\  19.486 
11.876 
29,046 
10,178 
4.618 
13,080 
6.754 
8,681 
6.012 

8,715 

7.700 
11.600 

O,  ooo 
6,057 
9,088 
4,840 
4.126 
8.457 
8,086 
2,07S 
2.608 
18,485 


Total  weight  of  roagh  ■ 
finished  forgings i 


204.051 


\^ja 


Of  rough  forging. 


Of  ingot. 


Katnre  of  peice. 


I 
I 


I 


•s   i 

H         I 
^         I 


i 


t 


Tube 


Jacket 


Inches.  \lnchss.\  Tofu.' 
(      24. 0  )  I  '  (  62  < 

<  i    81. 0  >  I  538. 0     45. 17  < 
(I    a0.0)|  \i  55 


InAss.        i/nsAM. 
62  diameter^  I. ^^0> 

Pl98.0jj 


I 
42. 0     240.  0  '  42. 15, 


F  or  g  e  d    on     82. 5 
mandrel* 


or 
square 
75  diameter  ) 
or 


«^ 


Tons.  Pet  cL 
75.0       66.0 


5123.0; 


I 


66  square.   S  «^'**">    Alternate 

77. 5      88. 8 


80  diameter)  ^^21  0?  —  ^^^^-°' 

or 
71  square. 
76  nqnarp  . . .    108. 0 


PmrcL 


|00l2 
J60.0 


54.00 
>4.00 

58.20 
>  3. 16 

4.00  '    64.4 


35. 


PROPOSED  12-INCH  BREECH-LOADING  STEEL  RIFLE,  40  TONS, 
BY  CAPT.  OHAS.  S.  SMITH,  ORDNANCE  DEPARTMENT. 


(1    PLATE.) 


TONS 


i 


i— 


M 


«  STEEI 


FLATS L 


Appendix  36. 


INSPECTION  BBPOBT  OF  Q-INCH  EXPERIMENTAL  BANDED  CORED  SHOT. 
Bt  Libut.  William  Crozisq,  Obdnancb  Department. 

Deoembeb  2, 1884. 

8iB :  I  have  the  honor  to  submit  herewith  inspection  report  of  8-inch 
experimental  banded  gored  shot : 

The  bands  were  applied  as  represented  in  the  accompanying  bine 
print,  except  that  the  grooves  in  some  of  the  projectiles  are  only  .1  inch 
deep.  These  are  marked  with  a  small  ^^s"  after  the  number  desig- 
nating the  character  and  position  of  the  band. 

The  bands  were  hammered  into  place  by  hand,  those  which  gave  the 
best  results  having  been  first  finished  to  proper  section  and  then  bent 
in  a  press  until  they  would  pass  into  the  grooves.  With  the  narrow 
ones  the  bending  was  omitted  and  a  shallow  groove  was  cut  in  the  under 
side  of  the  band  to  facilitate  the  flow  of  the  metal  into  the  undercut 
portions  of  the  grooves  in  the  projectiles. 

In  obedience  to  your  instructions,  I  determined  the  center  of  percus- 
sion of  the  shot,  exclusive  of  the  head,  with  reference  to  a  transverse 
axis  intersecting  the  axis  of  the  shot  at  the  base  of  the  head.  This 
point  I  first  found  by  calculation,  determining  separately  the  values  of 
the  expressions  ^^r*  for  the  different  geometrical  solids  composing  the 
portion  under  consideration,  thus  obtaining  v'ld*.  To  obtain  these  sep- 
arate values  I  used  the  formulas  Svr^^if^oi^dx  and  t?'/c'*=t?'(fc,i"+^, 
the  volumes  all  being  of  revolution  about  the  axis  of  the  shot  taken  as 
the  axis  of  X,  The  separate  volumes  determined  similarly  from  the 
formula — 

gave  by  summation  the  value  of  F,  from  which  and  the  values  of  i7'il/' 
above,  h  was  determined.  The  position  of  the  center  of  gravity  was 
found  in  the  usual  manner  by  equality  of  moments,  and  the  length  of 
the  equivalent  simple  pendulum  by  the  formula 

with  the  result  l=:7.'^53=distance  of  center  of  percussion  desired  fh>m 
axis  of  suspension.  In  the  above  calculations  the  density  and  diameter 
were  considered  uniform,  the  latter  8^^,  which  assumptions  were  per- 
missible in  view  of  the  necessity  for  obtaining  the  required  position 
with  sufficient  accuracy  only  to  insure  its  being  included  within  the 

It  having  subsequently  become  necessary  to  cut  up  one  of  the  pro- 

369 


390 


REPORT  OP  THE  CHIEF  OP  ORDNANCE. 


jectiles,  the  same  point  was  determined  experimentally  by  vibrating  the 
portion  considered,  using  the  formula — 


z= 


z^eo« 


w 


in  which — 


l=length  songht. 

l^ssimple  second  pendulum  at  Watertown  Arsenal=:3.259dl  feet. 
n=number  of  vibrations  in  one  minute=138. 


Besulting  in  the  value — 


1'=7".43 


(KM  greater  than  the  one  above,  as  was  to  have  been  expected  from  the 
assumptions  made. 

To  determine  the  specific  gravity,  using  much  larger  fragments  than 
can  be  weighed  on  the  delicate  scales  usually  employed  for  that  par- 
pose,  I  first  tried  the  ordinary  method  of  weighing  in  air  and  in  water  a 
piece  of  the  cylindrical  portion,  weighing  about  50  pounds.  But  the 
weighing  apparatus  not  being  sufficiently  accurate  to  give  satisfactory 
results,  I  took  a  piece  which,  by  a  little  work,  was  given  the  form  of  a 
simple  volume,  and  weighed  it  with  the  following  results : 


<— ^B 


A  B=  7.''909 
O  D=  3.'a86 
BE=    3."461 

> =142.443  cubic  inches. 


Subtracting  volume  of  two  small  holes = 


i;i=.9713  v^v^=  V=141.4717 

W=  36.9839  pounds. 

Specific  g™vity=S=7^^ 

log.  W=  1.567596 

'log.  1728=  3.237544 

a.  0.  log.  V=  7.849331 

a.  c.  log.  62.355=  8.205129 


20.859600 
20. 


log.  S=     .859600 
8=7.237 

I  make  the  following  computation  of  the  volume  of  the  shot  using 
for  the  ogival  parts  the  formula  and  numbers  given  in  Table  TX.  from 
the  Ordnance  Office. 


[ 
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Volume  of  head  (up  to  true  base  of  ogival)  =  H  .3  log.  D  +  log.  c  = 
log.  H. 

Log.  D  (=7".97)  =       .901458 

3 


2.704374 
log.  c=      1 .760673 


log.  H=      2.464947 

H=s  291.70  cubic  inches. 

Volume  of  cylinder  in  rear  of  true  base  of  ogival  =  0  =  ;r  R*  x  9.38. 

Log.  R  (=  7  =  3.966)  =    .698243 

2 


1.196486 

log.  9.38=    .972203 

log.  ;r=    .497150 


log.  C  =  2.666839 
C  =  463.27  cubic  inches. 

Volume  of  hemispherical  part  of  core  =  §  zr  r^  =  P. 

Log.  r  (=  1.75)  =    .243038 

3 


.729114 
log.  TT  =_.497150 

log.  I  =  log.  .6666  =  1.823865 

log.  P  =  1.050129 
P  =  11.22  cubic  inches. 

v^olume  of  ogival  part  of  core  considered  as  complete  =  o. 

Log.  0=3  log.  d  +  log.  c 
Log.  <«(=  3.5)  =  .644068 

3 


1.632204 
0  by  interpolation  =  1.0876       log.  c  =    .036470 

log.  o  =  1.668674 
0  =  46.63  cubic  inches. 
H  =  291.70 
0  =  463.27 


754.97 


P  =  11.22 
0  =  46.63 


67.86  57.86 


697.12 
Adding  .88  cubic  inches  for  head 
of  plug  and  very  small  parts 
neglected  at  end  of  core  and 
head  of  cylinder 88 


V  =  698.00  cubic  inches. 
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Dedacing   the  specific  gravity  necessary  to  give  the  established 
weight,  180  pounds — 

a,.  180x1728 

698x62.355 

log.  180=  2.265273 

log.  1728=  3.237644 

a.  c.  log.  698=  7.156146 

a.  0.  log.  62.355=  8.205129 


20.854091 
20. 


log.  S=     .854091 
S=  7.146 

which  is  lower  than  the  specific  gravities  usually  reported. 

Assuming  an  average  specific  gravity  of  7.21,  the  above  volume 
would  give  a  weight  of  181.6  pounds.  In  view  of  which  I  would  sug- 
gest that  either  the  established  weight  be  increased  to  about  182 
pounds  or  the  dimensions  of  the  shot  be  modified. 

The.  specific  gravity  determined  above  gives  a  weight  of  182.3  pounds. 

I  have  been  unable  to  find  agreement  between  the  drawing  of  the 
shot  and  my  instructions  as  to  its  manufacture.  The  instructions  re- 
quire the  head  to  be  moved  bodily  back  l."05,  the  form  about  the  head 
being  then  as  indicated  in  the  sketch,  ^^  the  slight  shoulder  thus  formed 


to  be  smoothed  oflF."    The  equation  of  the  circle  AP  is — 

Coordinates  of  center. 


ar=v  J 

y'= -(^16-^^)= -12.015  \ 


B=  radius  =16.*. 
a?*+(y+12.015)*=16» 

making  y=0,  we  deduce  a?=10.''566  for  the  distance  BP,  which  does 
not  agree  with  the  distance  given  on  the  drawing,  that  being  10.''62, 
resulting  from  a  position  of  the  circle  indicated  below. 

The  height  of  the  shoulder  required  in  my  instructions  from  you 
could  be  very  easily  indicated  in  the  drawing,  being  .''035.  I  cannot 
see  why  the  shoulder  would  not  be  a  great  disadvantage  ballistically, 
and  would  recommend  a  change  in  the  required  form,  to  correspond  with 
the  second  sketch  above. 
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Since  oommenoing  the  manaflaictare  of  these  projectiles,  foar  large 
shot-lathes  have  been  added  to  the  plant,  and  various  improvements 
have  been  made  in  the  patterns,  iron,  and  process  of  finishing,  and 


I 


|::rrzir--fi 


J; 

I  I 
I  I 
I  / 

I 


( 


should  there  be  more  of  them  ordered  they  could  be  produced  more 
expeditiously  and  economically  and  of  more  uniform  weight  and 
dimensions. 

In  the  preceding  determinations  no  methods  of  any  particular  nov- 
elty or  interest  were  used,  unless  one  may  have  been  that  of  calculating 
the  centers  of  gravity,  moments  of  inertia,  and  in  general  all  elements 
necessitating  the  finding  of  the  limit  of  the  sum  of  an  infinite  number 
of  products  of  two  functions  of  the  same  variable.  The  principle  in- 
volved may  be  stated  as  follows : 

The  limit  of  the  sum  of  all  the  products  of  two  functions  of  the  same 
variable  as/ (a?),  and  (p  {x)  for  all  values  of  a?  between  two  given  limits; 
is  equal  to  the  integral  between  those  limits  of  f(x)  x  g)  {x)x  dxj  or  to 
/.V(^)  <p{x)dx. 

To  prove  which;  construct  in  the  coordinate  plane  XZ  the  curve 
whose  equation  is  z=:f  (x)^  and  in  the  plane  XY  that  whose  equation 
is  y=9>  (a?),  then  one  of  tne  products  /  (a:)  x  ^  (x)  would  be  a  rectangle 
yz,  and  all  of  the  products  between  limits  corresponding  to  two  values 
a  and  b  of  x  would  compose  the  volume  boanded  by  the  planes  XZ  and 
XY,  the  two  cylinders  whose  directrices  are  MM'  and  NN',  respectively, 
intersecting  in  LL',  and  two  planes  parallel  to  YZ  distant  from  it  a  and 
h,  respectively. 

From  calculus  we  know  that  the  partial  differential  of  such  a  volume 
with  respect  to  x  is  equal  to  the  area  of  a  section  perpendicular  to  the 
axis  of  x  multiplied  by  dxy  which  is  yzdx  OTf(x)  x<p{x)x  dx,  and  that  the 
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volume  described  is  equal  to  fj^  f  {x)X(p  {x)  x  dx.  Hence  we  see  that  the 
facility  with  which  we  may  obtain  the  limit  of  the  sum  of  such  products 
depends  upon  that  with  which  we  may  integrate  the  expression  /  {x)  x 
(p  {x)  X  dx. 


I  append  a  simple  example.  Let  it  be  required  to  deduce  a  genera  1 
formula  for  the  distance  of  the  center  of  pressure  of  a  submerged  sur- 
face from  the  upper  surface  of  the  fluid,  measured  in  the  submerg^ed 
surface. 

Suppose  such  surface  to  be  included  between  the  axis  of  x  aad  a 
curve  whose  equation  is  y:=f{x),  which  is  a  general  case  to  which  all 
others  may  be  reduced. 
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Call  the  required  distauce  P.  We  know  the  total  pressure  upon  a  sub- 
merged surface  to  be  equal  to  the  weight  of  a  column  of  the  fluid  whose 
base  is  equal  in  area  to  the  surface  pressed  and  whose  altitude  is  equal 
to  the  distance  of  the  center  of  gravity  of  such  surface  from  the  upper 
sarface  of  the  fluid.  Calling  the  weight  of  a  unit  of  volume  of  the  fluid 
hj  the  pressure  on  a  single  ordinate  will  be  : 

hy  X  sin  a 

a  being  angle  of  inclination  of  surface,  and  the  total  pressure,  from  our 
principle : 

h    I   y  X  sin  a  dx 

and  its  moment  with  respect  to  O  Y  (upper  line  of  surface) : 

Fh  I   V  X  sin  a  dx 


^  I    y  X  sin  a 
J  ' 


The  moment  of  the  pressure  on  a  single  ordinate  with  respect  to  same 
line  is  hy  X  &in  a  x=ih  y  xi^  sin  a  and  the  limit  of  the  sum  of  all  these 

moments  hi   ya^  sin  a  dx. 

Equating  these  two  values: 

k  sin  a  I   yj^  dx  =  V  h  sin  a    t  yxdx 
Whence: 

j  ,  yx^  dx 


P=  '  ' 


J 


^yx  dx 


A  formula  not  only  simple  and  easy  to  remember,  but  easily  deduced 
if  the  principle  is  borne  in  mind. 

If  the  surface  be  a  rectangle  y=b 
and: 


P: 

b  I    xdx 


a^-' 


^1    x^dx        Q 

If  a  parabola,  whose  equation  is  then : 

y*=2p(x+a) 

f^=*  y  /'y^-^pay^+^p'  «'\  ydy 

J.r=„    ^\    2p     J  p 

___  4     since  x=— a  gives  y=o, 
"7    '  and  ir=0  gives  y*=2  pa 
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A  little  consideration  will  show  that  the  truth  of  the  principle  would 
not  be  affected  if  one  or  both  of  the  functions  should  become  constant 
The  newness  of  the  subject  of  the  manufacture  of  these  shot  must  be 
my  excuse  for  great  apparent  diffuseness.  I  have  endeavored  to  curtaU 
the  descriptions  as  much  as  possible;  in  some  instances  I  fear  closely 
approaching  the  limit  of  intelligibility. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

WILLIAM  OBOZIBR, 
First  Lieutenant  of  Ordnwnoe. 

Maj.  F.  H.  Pabkeb, 

Oommanding  Watertoum  Arsenal. 


Appendix  37. 


INSPECTION  REPORT  OP  Q-INCH  H0TCHKI88  BANDED  CORED  SHOT 
Bt  Lieut.  Rogers  Birnie,  Jr.,  Ordnance  Department. 

(2  plates.) 

The  following  includes,  with  the  reports  of  inspection,  some  notes 
npon  the  manufacture  of  the  fabrications  included,  viz : 

Two  hundred  and  three  supplied  under  contract  dated  November  11, 
1884,  and  twenty  supplied  under  order  dated  January  8, 1885. 

A  drawing  (Plate  II)  of  the  shot  is  appended.  The  dimensions  and 
data  upon  which  this  drawing  is  based  have  been  determined  by  the 
fabrication  of  the  shot  in  question,  and  verified  by  the  weights  of  the 
finished  projectiles  compared  with  the  density  of  the  cast-iron.  The 
specific  gravity  of  the  iron  may  vary  between  7.16  and  7.30  and  retain 
the  finished  weight  of  projectile  between  the  limits  178.0  and  182.75 
pounds,  corresponding  to  the  allowed  variations  of —  1  per  cent,  and  +  1^ 
per  cent,  from  the  prescribed  average  weight  of  180  pounds.  The 
weight  of  the  base  plug  is  1.5  pounds  and  of  the  finished  band  2,5  pounds. 
The  weight  of  cast-iron  turned  off  in  fitting  the  band  equals  (very 
nearly)  the  weight  of  the  finished  baud.  Since,  practically,  the  whole 
variation  of  weight  occurs  in  the  cast-iron  portion,  due  to  slight  varia- 
tions in  dimensions  of  unfinished  parts,  but  especially  to  variations  of 
density  in  the  different  lots  of  castings,  it  may  be  stated  that  the  aver- 
age weight  of  the  cast-iron  alone  after  the  cylindrical  portion  has  been 
finished  but  not  fitted  for  the  band  should  be  178.5  pounds  and  the  limits 
176  to  180.75  pounds. 

Plate  I  gives  a  drawing  of  the  pattern  used  for  the  shot  molds ;  it 
shows  the  manner  of  laying  out  the  pattern  to  compensate  for  the  shrink- 
age of  the  casting.  It  is  arranged  to  cast  the  base  and  curve  of  head 
to  finished  size.  The  extreme  point  and  cylindrical  portion  of  shot  are 
then  the  only  portions  requiring  a  machine  finish.  The  amount  of 
shrinkage  varies  with  the  nature  of  the  iron  used,  but  the  following, 
upon  which  the  drawing  is  based,  may  be  taken  as  approximately  cor- 
rect, viz : 

.  J^nches. 

Shrinkage  on  length  of  head 0. 125 

Shrinkage  on  length  of  body 0. 06 

Shrinkage  on  diameter  at  base  of  head 0. 05 

The  extreme  point  shrinks  relatively  more  than  the  portions  of  larger 
diameter  and  there  is  a  tendency  for  the  casting  to  become  too  blunt 
there.  To  compensate  for  this  the  radius  of  curve  for  head  of  pattern 
is  made  greater  than  that  prescribed  for  the  shot,  and  the  two  curves, 
in  place,  are  not  parallel,  but  diverge  towards  the  point.  The  two  cen- 
sor 
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ters  are  takon  upon  the  same  vertical  line,  a  prolongation  of  the  diam- 
eter at  base  of  head  of  finished  shot. 

Upon  the  diameter  of  cylindrical  portion  of  shot^  which  must  be  ma- 
chine-finished, the  pattern  is  made  three-sixteenths  of  an  inch  larger 
than  the  finished  size,  to  include  allowances  for  the  shrinkage  and  the 
surplus  metal  needed  for  the  finish.  This  portion  of  the  pattern  is  Joined 
to  the  curve  of  head  by  a  gentle  slope  to  obviate  the  occurrence  of  a 
shoulder  in  case  the  shrinkage  on  the  diameter  at  base  of  head  exceeds 
the  allowance. 

The  arrangements  for  the  core  mold  of  these  shot  is  similar  to  that 
described  in  Notes  on  the  Construction  of  Ordnance,  No.  26.  The  sand 
molds  for  the  core  and  shot  are  both  oven-dried.  The  shot  are  cast 
point  down,  and,  as  before  stated,  with  finished  base,  only  the  "riser'' 
is  removed  at  the  "chipping"  bench.  .  As  soon  as  the  metal  is  poured 
the  casting  is  "fed"  with  hot  metal  poured  from  time  to  time  from  a 
hand  ladle  into  the  riser,  and  this  metal  is  stirred  by  an  up  and  down 
motion  of  an  iron  rod,  in  the  hands  of  a  helper,  which  is  thrust  down 
to  reach  nearly  the  core  mold,  but  not  to  touch  it.  The  feeding  is  con- 
tinued until  the  casting  is  "set."  Under  this  process  air-holes  or  cav- 
ities, which  are  liable  to  occur  near  the  upper  surface  of  a  casting  made 
without  feeding,  are  rarely  found,  and  the  hard  skin  of  the  natural 
casting  left  on  the  base  is  believed  to  be  conducive  to  the  strength  of 
tlie  shot. 

Pursuant  to  the  usual  practice  at  this  foundry,  these  shot,  having  a 
prescribed  tenacity  of  25,000  pounds  per  square  inch,  were  cast  with 
metal  taken  directly  from  the  air-furnace.  The  following  gives  a  record 
of  the  castings  and  tests  of  the  metal : 

Records  of  castings  and  tests  of  metal. 


Castings. 


Date. 


I 


1884. 
'  Nov.  17 

I  22 

'  Deo.  15 

17 

19 

22 
27 


2 

50 

50 
50 
50 


A 
B 

C 

D 

Cr 
29       E 


Charge  of  iron  In  peroentages. 


179.8 
188.5 

184.8 

185.2 

185.0 
184.8 


i 

a 

§ 

eo 

J 

Hudson  No.  2 
(extra). 

o 

•s 
s 

Air     fomaoe 
scrap. 

-     — 

24.5 

6.6 

6.6 

17.9 

15.9 

28.8 

11.8 

28.3 

25.0 
38.7 

26.3 
6.1 

24.8 
15.5 

19.8 

30.8 

28.8 

6.0 

15.1 

24.8 

14.2 

6.5 

43.8 

2&1 

16.7 

25.8 

28.5 
31.5 

24.8 

20. 1 

19.7 

10.6 
30.5 


30.800 
28,888 
24,235 
26,749 
26.928 
26,344 
29.690 
28,522 
31,363 
31,947 
31, 416 


7.2680 
7.1950 
7. 3472 
7.3332 
7.2789 
7.2443 
7.3446 
7.2927 
7.3479 
7.2727 
7.2846 


Rbuarels.— The  capola  scrap  includes  only  broken  castings  of  the  best  qaality  of  castings.    Where 
two  records  of  tests  are  given  for  one  lot  of  castings  the  first  is  from  the  proof  bar  and  the  see* 
ond  from  the  middle  wall  of  shot  opposite  the  greatest  diameter  of  core.    Where  a  single  test  is  givea 
the  specimen  was  taken  from  the  wall  of  shot  as  above. 

Before  casting  lot  B  the  two  sample  shot  were  finished.  They  were 
found  to  be  light  in  weight,  and  authority  was  obtained  to  increase  the 
length  of  the  shot,  which  was  done  by  adding  "0.25  to  the  base  of  the 
forward  portion  of  the  shot  pattern  at  the  "  parting  line."    The  remain- 
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ing  castings  were  made  with  this  pattern  and  the  drawing  of  the  finished 
shot  herewith  (Plate  11)  corresponds  to  the  shot  so  made.  Of  the  fifty- 
two  castings  made  with  the  original  pattern,  the  finished  shot  weigh 
between  177  and  179  pounds.  Of  those  made  after  the  length  was 
increased  the  average  weight  is  181  pounds  nearly,  but  it  may  be  seen 
that  the  density  of  the  metal  is  uniformly  high  and  above  the  average 
of  what  may  be  expected  in  the  nsnal  run  of  manufacture. 

In  finishing  the  shot  the  several  operations  are  as  follows :  The  small 
cylinder  at  the  point  is  first  turned  off  and  the  point  finished  to  conform 
to  the  curve  of  head  of  shot.  The  base  plug  hole  is  then  reamed  out 
and  the  thread  for  base  plug  (eight  to  the  inch)  finished.  Next  the  base 
of  the  cylindrical  portion  of  shot  is  finished-turned  for  a  length  of  about 
0.75  inch  in  a  lathe  to  give  a  starting  place  for  the  circular  cutters  used 
in  the  hydraulic  press  for  finishing  the  cylinder.  The  shot  is  passed 
twice  through  the  press  to  make  one  roughing  and  one  finishing  cut. 

In  fitting  the  shot  for  the  band  the  grooves  are  first  roughed  out  in 
the  lathe  with  a  simple  cutting  tool  and  then  finished  with  a  tool  shaped 
to  include  the  whole  of  the  portion  of  the  shot  covered  by  the  band. 
The  three  grooves  in  the  two  rear  lands  under  the  bnud  intended  to 
prevent  the  band  from  turning  when  the  shot  is  fired  are  made  with  a 
hand  tool. 

The  composition  of  the  band  metal  is  ninety -five  parts  copper  and  five 
parts  spelter,  the  latter  being  added,  as  is  understood,  to  increase  the 
soundness  of  the  castings.  The  castings  are  made  as  a  simple  cylinder 
or  band  with  sufficient  surplus  metal  to  finish  on  all  sides.  In  order  to 
assemble  them  on  the  shot  they  are  faced  at  the  ends  and  the  interior 
finished  to  an  easy  driving  fit  over  the  two  rear  lands  on  shot.  The 
diameter  of  the  cylinder  of  shot  in  rear  of  baud  is  made  slightly  smaller 
than  that  of  the  lands  named  in  order  to  pass  the  band  over  it.  When 
the  band  is  on  it  is  hammered  down  at  the  ends  to  give  them  proper 
bearings.    The  exterior  of  the  band  is  then  finished  in  the  lathe. 

RECORD  OF  OASTINaS. 
Bands  far  Q-inch  Hoichki88  projeoUles. 


No. 
cast 

Charge  of  metala. 

Peroent- 

Average 

Loesof 

Date. 

Copper. 
Poundi. 

Spelter. 
Pound*. 

Compo- 
sition. 

Pound*. 

Total 
weight. 

Pound*. 

ageof     I'll^^^, 
!  Pound*. 

metal 
charged. 

Pound*. 

1984. 

Dee.      1 

22 

80 

126.0 
17&0 

6.26 
9.0 

131.25 
207.0 

4. 76              4. 7 
4. 81              4. 7 

0.75 
2.0 

2 

20.6' 

8 

80 

125.0 

7.0 

60.0 

192.0 

5.8    1           4.7 

3.0 

4 

15 

90.0 

6.0 

25.0 

120.0 

&  26  1           4. 7 

2.5 

6 

80 

120.0 

6.6 

50.0 

176.5 

5.13  j           4.7 

3.6  1 

6 

80 

180.0 

7.6 

80.0 

173.6 

5. 22              4. 7 

3.5  1 

8 

30 

122.0 

7.0 

60.0 

189.0 

6. 42              4. 7 

3.0 

9 

16 

48.0 

2.6 

40.0 

90.5 

4. 95              4. 7 

2.5 

81 

22 

158.0  i         8.0 

1 

l&O 

181.0 

4. 82  '           4. 7 

1 

3.0 

The  base  plugs  of  wrought  iron  are  rough-forged  to  shape  in  a  die 
using  a  small  steam-hammer, and  then  finished  and  threaded  in  a  lathe. 
To  insure  a  tight  fit  the  thread  in  the  base  plug  hole  of  shot  is  sized, 
for  the  finish,  with  a  screw  tap  corresponding  to  the  finished  thread  on 
the  plug. 
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The  following  give  the  sammary  records  of  the  iDspection  : 

Inspection  report  ofS-inch  ogival-headed  Hotohkiseprojectilee  for  breeoh-loading  rifles  made 
for  the  United  States  Ordnance  Department  by  Jvest  Point  Foundry  Associationf  at  ffest 
Point  Foundry t  under  contract  of  the  Chief  of  Ordnance  U»  S.  Army,  dated  November  11, 

1884. 


Snliject  of  meMnrement. 


PBOJBGTILK. 


Presoribed 
idimensioDS. 


Lenji^h  of  oyllndrical  portion  of  body  to  band. 

Length  of  head 

C  for  band 

Length  of  base  \  in  rear  of  band 

(  in  rear  of  cylindrical  portion 

Total  length  of  prc(]ec tile 


( 


Diameter  of  oylindrioid  portion 

Diameter  of  baee  in  rear  of  band. 

Radius  of  head 

Thickness  of  bottom 

Length  of  interior  caTity 

Thickness  of  walls  at  4.05  inches  from  base  . . 

Eccentricity  of  axis  of  interior  cavity 

Diameter  of  screw -plug  hole 

Pitch  of  thread  on  screw-plng  hole 

Length  of  thread  on  fuse  (or  screw-plag)  hole 

Number  of  cannelures  under  band 

Depth  of  cannelures  under  band 

Width  of  cannelures 


Inches, 
*7.35 
7.60 
&902 
2.048 
.5 
.25 
•19.05 
19.8 
7.95 
7.86 
12.0 
2.8 
10.25 
2.225 


Weight  of  projectile,  including  plug  and  without  band. 


1.5 
8  to  inch. 
2.3 
4 

0.1 16  to  0.149 
0. 225  to  0. 52 


Allowed  Taria- 
Idona. 


Insh, 
I  +0. 15 

—0.17 
1 .4: 0.01 

±0.06 

I  ±0.19 

±0.01 
±0.01 
±0.05 
±0.1 
±0.1 
±0.1 
0.1 
±0.01 


Pounds. 


±0.1 


BAHD. 


Length  of  band 

Exterior  diameter  of  band , 

Interior  diameter  of  band  (maximum) 

Thickness  of  band 

Radius  of  curve  at  f^ont 

Weight  of  band 

Weight  of  band  and  proj  ectlle 


177.5 


2.048 

8.15 

7.862 

0.144 

4.075 

2.5 

180.0 


±0.01 
±0.01 
±0.01 
±0.01 


V+2.7 
1—l.B 


5+2.7 
>  -L8 


213 


9 

10 

203 

*179 

182 

*177 

179 


Weight  of  total  number  accepted  (ex- 

eluding  band) 86,076.5 

C    *17T  8 
Mean  weight  of  projectile  (complete) . . .  <     ^g|^*  q^ 

Number  bands  examined 205 

Number  of  bands  rejected  for  defects  in 

material  or  finish 2 

Total  number  of  bands  rejected 2 

Number  of  bands  accepted 203 

Weight  of  total  number  accepted 507  5 

Mean  weight  of  band 2.5 

Weight  of  total  number  of  shot  and 

bauds  accepted  36,  594 

'  Under  original  contract  drawing ;  after  fifty-two  shot  had  been  cast  the  length  of  "  cylindrical  por- 
tion of  bodv  "  wa8  inoroased  0".25,  under  authority  of  the  Chief  of  Ordnance  U.  S.  Army,  per  telegram 
dated  November  26,  1881. 

PHYSICAL  PROPERTIES. 


Number  of  8-inch  Hotohklss  projectiles 
examined 

Number  rejected  for  eccentricity  of  in- 
terior cavity 

Number  rejected  for  defects  in  material 
or  finish 

Total  number  rejected 

Total  number  accepted 

Weight  of  heaviest  one  accepted  (com<( 

W>lete) { 
eight  of  lightest  one  accepted  (com-  C 
plete)  I 


Tenacity. 


Specimen. 


Six  apecimens,  one  from  ( 
each  lot  of  castings . .  { 


Density  j  — 
(actual). 


Pre- 
scribed. 


7.1959-!. 

7.3332  I 

I 


Actual. 


26,344 
31,947 


Allowed 
variations. 


Actual    I 
variations.  I 


Band  metal. 


Average 7.2650  |      25,000  j      27.612 

I 


-750 


+1,344  '  95  parts  copper. 
-f6, 947    5  pares  spelter. 


+2. 612  1 


.( 


Rbu.ibics. — On  those  fibrications  as  bases,  a  revised  drawing:,  inspector's  file  No.  247,  has  been  oon- 
tmcted.    Shipped  to  United  States  Proving  Gronud,  Sandy  Ilouk,  N.  J.,  January  16,  1885. 

I  certify  that  £  hive  carefully  iuspeot'Cd  the  above-noted  pri>Joctiles,  and  that  thev  conform  to  the 
dimensions  presoribed  wittiia  the  v.iriiktioiis  allowdd;  aii<l,  further,  thit  the  terms  of  the  contract  aa 
to  material  and  workmauship  h  ive  been  complied  with  in  their  manufacture. 

R.  BIRNIE.  Jr., 
Lieutenant  of  Ordnance^  /TMpaator. 
Date  of  inspection,  December  31,  1884. 
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Mmtm^ction  report  of  S-inch  ogivaUhoadod  RoiohkU9  projooHlet  for  hre&ok-loading  rifle$  mad^ 
fir  ike  United  States  Ordnanoe  Department  by  West  Point  Foundry  ^eeooioHon,  at  Weet 
F^M  Foundry,  under  order  of  the  Chirf  of  Ordnanoe,  U,  8»  Armyj  dated  January  8, 1885. 


Sal^eot  of  meMoremcnt. 


t 


Length  of  cjUndrioal  portion  of  body  to  band 

Length  of  head 

Length  of  base : 

For  band 

Li  rear  of  band 

In  rear  of  cylindrioal  portion 
Total  length  of  projeotlle 

Diameter  of  base  in  rear  of  band 

Badiusof  head 

Thickneae  of  bottom 

Length  of  interior  oavity 

Thidcneaa  of  walls  at  4.05  inches  ttom  base 

Booentneity  of  axis  of  interior  earity 

Diameter  or  sorew^plag  hole 

Pitch  of  thread  on  screw -plog hole 

Length  of  thread  on  fhse  (or  sorew-plng)  hole 

Kiunber  of  oannelnres  under  band 

Depth  of  cannelores  under  band 

Width  of  oannelnres 

Weight  of  projeotile,  inoluding  ping  and  without  band 


Length  of  band 

Exterior  diameter  of  band 

Interior  diameter  of  band  (maximum) 

Thickness  of  band 

lUdius  of  curve  at  firont 

Weight  of  band 

Weight  of  band  projectile 


Xamber  of  8-inch  Hotchkiss  projectiles 
examined 

Total  number  accepted 

Weight  of  heariest  one  accepted  (com- 
plete)   

Weight  of  lightest  one  accepted  (com- 


plete) 
We 


20 
20 

182 

180 


Mean  weight  of  projectile  (complete) ]  81. 16 

Number  of  bands  examined 20 

Numberof  bands  accepted. 20 

Weight  of  total  numMr  accepted 60 

Mean  weight  of  band  2.6 

Weight  of  total  number  of  shot  and  iMmds 
accepted 8,828 


eight  of  total  number  accepted  (exclud- 
ing band) 8,583 

Dimensions  authorised  by  telegram  of  Chief  of  Ordnance,  U.  S.  Army,  dated  November  26, 1884. 

PHYSICAL  PR0PEBTIB8. 


Specimen. 

Density 
(actual). 

7.2846 

Tenacity. 

Band  metal. 

96  parts  oopper. 
5  parts  spelter. 

Pre. 
scribed. 

25,000 

ActnaL 
81,416 

Allowed 
varia- 
tions. 

—750 

Actual 
varia- 
tions. 

+0.416 

One 

.  RufARKB.— On  these  ftibrioations  as  bases,  a  revised  drawing,  inspector's  file  No.  247,  has  been  coa- 
stmcted.    Shipped  to  United  States  Proving  Ground,  Sandy  Hook.  N*.  J.,  January  16, 1885. 
I  oertiiy  that  I  have  carefully  inspected  the  above-noted  prolectlles,  and  that  they  conform  to  the 
«>  dimensions  prescribed  within  the  variations  allowed:  and,  furtner,  that  the  terms  of  the  order  as  to 
material  ana  workmanship  have  been  complied  with  in  their  manufacture. 

R.  BIRNIB,  Jb., 
lAsutenani  <^f  Ordnance,  Inepeetor. 

Date  of  inspection,  January  0, 1885. 
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The  course  of  iDspection  pursued  with  these  shot  was  as  follows : 

(1)  After  the  castings  had  been  cleaned  and  chipped  they  were  ex- 
amined for  serious  defects  and  to  verify  the  '^  length  of  interior  cavity  " 
and  the  '<  thickness  of  bottom.''  One  shot  of  each  lot  was  taken  to  the 
finishing  shop  as  soon  as  possible  after  the  casting  and  cut  in  two 
across  the  thinnest  portion  of  the  wall.  The  tenacity  specimen  was 
then  cut  with  a  hollow  boring  tool  from  the  base  portion  opposite  to  the 
base  of  the  core.  It  was  sought  to  have  the  results  of  the  tests  avail- 
able before  finishing  work  was  begun  on  the  castings. 

(2)  The  cafit-iron  bodies  were  weighed,  gauged,  &c.,  and  *•  rolled  ^ 
for  eccentricity  following  their  finish  in  the  press. 

(3)  The  bands  were  examined  for  defects  after  being  faced  at  the  ends 
and  bored. 

(4)  The  shot  having  been  completely  assembled  the  finished  dimen- 
sions of  the  exterior  of  band  were  verified  and  the  shot  were  weighed, 
and  the  weight  of  each,  to  the  nearest  pound,  stamped  on  the  cast-iron 
body  in  rear  of  the  band. 

E.  BIRNIB,  Jr., 
Lieutenant  of  Ordnance. 

West  Point  Foundry,  January  22, 1886. 
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Appendix  38. 


REPORT  ON  THE  MANUFACTURE  OF  Q-INCH  CHILLED  PROJECTILES, 

By  Capt.  D.  a.  Lylr,  Ordnance  Departmknt. 

The  general  methods  pursued  in  the  manufacture  of  8-inch  projectiles 
have  been  treated  before. 

The  subject  of  '*  allowed  variations  ^  was  carefully  noted  in  the  fabri- 
cation of  this  lot  of  projectiles.  It  is  found  that  no  difficulty  is  en- 
countered in  holding  the  contractors  to  the  limits  laid  down  in  the  pro- 
visional table  of  allowed  variations  sent  from  the  O/dnance  Office  and 
dated  November  21, 1884. 

The  small  loss  of  projectiles  from  erroneous  dimensions  as  compared 
with  some  previous  contracts  sufficiently  demonstrates  this  fact.  I 
would  respectfully  recommend  that  the  above  mentioned  table  of 
^'  allowed  variations  ^  be  adhered  to  in  future  contracts  for  this  class  of 
projectiles.  The  allowances  may  be  somewhat  stringent,  but  all  come 
within  the  mechanical  possibilities  of  manufacture  by  the  exercise  of 
reasonable  care.  The  greatest  difficulty  seemed  to  be  encountered  in 
the  boring  out  of  the  chilled  cast-iron  molds  for  the  heads  of  the  pro- 
jectiles. The  inspectors  recommended  the  following  procedure  in  this 
operation : 

(1^  To  bore  out  the  chills  to  their  approximate  dimensions. 

(2)  To  fill  them  with  molten  cast  iron  from  one  to  three  times,  to  ex- 
pand the  chill,  no  attention  being  paid  to  the  quality  of  the  melted 
iron  as  heat  was  the  only  thing  required.  This  treatment  expanded  the 
chill  and  gave  it  an  initial  permanent  set,  enlarging  it. 

(3)  Then,  to  ream  the  interior  out  a  little  more,  but  still  keeping  be- 
low the  required  diameter. 

(4)  Fill  again  with  molten  iron  and  expand  the  chill  as  before.  This 
repetition  should  give  the  chill  about  all  the  permanent  expansion  that 
it  will  undergo  from  heat  alone. 

Of  course,  from  oxidation  and  scaling  ofi,  the  chill  will  gradually  en- 
large by  use.    The  life  of  a  chill  was  not  definitely  determined. 

Trouble  was  found  in  the  thickness  of  the  walls  around  the  largest 
diameter  of  the  core  cavity.  This  was  discovered  to  result  from  the 
asymmetry  of  the  core ;  the  convexity  on  one-half  being  greater  than 
on  the  other,  due  to  the  fact  that  in  molding  one-half  of  the  core-box 
was  removed,  slightly  disturbing  and  sometimes  breaking  the  surface 
of  the  core.  The  upper  or  defaced  half  of  this  core  was  smoothed  and 
the  surface  finished  by  the  mohler's  trowel.  The  strokes  with  this  in- 
strument were  generally  directed  toward  the  largest  diameter,  which 
increased  the  convexity  of  the  upper  half  of  the  core  by  carrying  the 
plastic  material  forward.  This  resulted  in  the  increase  of  that  semi- 
diameter  of  the  core  and  a  consequent  reduction  in  the  thickness  of  the 
walls  of  the  projectile  on  that  side. 
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At  the  close  of  the  casting  two  chills  were  selected  for  measarement 
to  ascertain  the  extent  of  the  deformation  due  to  repeated  use.  The 
largest  and  smallest  were  taken,  in  order  to  get  the  extreme  range. 

The  following  exhibits  the  results  of  the  comparison : 

Interior  dimennons  ofeoiUiran  Mil  molds. 


CbilU. 


Length  of  oylinder  direotljr  in  rear  of  head 
DiametoTB  of  cylinder : 

Horizontal 

Vertical 

Difference 

Diameter  at  base  of  ogiTal  head: 

Horisontal 

Vertical  

Diflference 

Total  length  interior  carity  of  chill 


10.  US 


The  standard  diameter  of  the  cylinder  directly  in  rear  of  head  is 
7^^95,  from  which  it  is  seen  that,  provided  the  metal  did  not  shrink  dia- 
metrically in  cooling,  and  preserved  the  dimensions  given  by  the  inte- 
rior of  the  chill,  there  would  remain  J'242  excess  of  metal  to  be  removed 
in  finishing. 

As  a  matter  of  fact  the  metal  does  contract  and  less  than  that  amount 
has'  to  be  removed,  especially  in  the  earlier  castings  befpre  the  chills 
become  deformed  and  elliptical. 

The  shell-hook  holes  in  the  ogival  head  were  omitted  in  this  contract, 
and  DO  difficulty  was  experienced  in  turning  the  extenor  without  their 
presence,  except  that  the  lathes  employed  were  heavier.  Defects  are 
sometimes  found  on  the  ibterior  of  the  cavity  at  the  rear  end  which  are 
difficult  to  detect. 

A  shot  cast  in  a  previous  contract  was  found  to  have  a  crack  extend- 
ing longitudinally  from  end  to  end  that  had  eluded  the  most  careful 
scrutiny,  and  was  only  developed  when  the  attempt  was  made  to  split 
it  open  to  discover  the  depth  of  chill. 

No  trouble  was  experienced  in  getting  the  proper  depth  of  chill,  as 
was  shown  by  the  sample  broken  from  each  lot  cast.  There  were  slight 
variations  of  course  in  this  depth,  but  not  greater  than  was  to  be 
anticipated. 

The  major  part  of  the  iron  used  for  these  projectiles  came  from  chilled 
car- wheels,  which  were  broken  up  and  melted  with  a  proper  proportion 
of  fresh  pig. 

The  junction  of  the  chilled  and  unchilled  parts  of  these  projectiles  is 
weak  diametrically,  especially  with  so  brittle  a  material  as  cast  iron. 
I  would  therefore  recommend  that  attempts  be  made  to  replace  these 
shot  with  low  steel  containing  enough  carbon  to  take  the  proper  chill 
and  prevent  excessive  upsetting  on  impact. 
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Details  of  CMting. 


1 
2 

8 
4 
6 

• 
7 

f 
10 
11 
13 
18 
14 
16 
If 
17 
18 
10 
20 
21 


24 
2ft 
26 
27 
28 
28 
80 
81 
83 


i 

1 

<s 

a 
^ 

Beo. 

81 

15 

Jed. 

8 

18 

Jan. 

12 

27 

Jan. 

10 

80 

Jan. 

28 

28 

Jan. 

20 

20 

Jan. 

30 

20 

Jan. 

81 

30 

Feb. 

2 

30 

Feb. 

8 

33 

Feb. 

4 

84 

Feb. 

6 

83 

Feb. 

0 

38 

Feb. 

7 

38 

Feb. 

0 

36 

Feb. 

10 

36 

Feb. 

11 

36 

Feb. 

12 

36 

Feb. 

13 

36 

Feb. 

14 

38 

Feb. 

10 

86 

Feb. 

17 

86 

Feb. 

18 

36 

Feb. 

10 

36 

Feb. 

20 

38 

Ffb. 

21 

86 

Feb. 

23 

36 

Feb. 

24 

38 

Feb. 

25 

86 

Feb. 

20 

88 

Feb. 

27 

1      36 

Feb. 

28 

38 

& 

s 

I 
I 

I 


Charge  in  ftimaoe. 


4100 
4000 
4700 
5200 
52U0 
5200 
47U0 
5300 
6100 
6100 
6100 
6400 
66U0 
6600 
6300 
6250 
6250 
6250 
6:'60 
6t50 
6400 
6300 
63(K) 
6300 
6450 
6300 
6300 
6600 
6300 
66U0 
6300 
6300 


•a 

0 

6 


6 


1400 
1400 
1700 
1400 
1800 
1800 
1800 
1400 
2000 
1000 
2000 
2100 
2200 
2150 
2000 
1850 
1850 
1050 
1050 
2050 
2200 
2200 
2200 
2200 
2050 
2200 
2200 
2200 
2200 
21.'>0 
2100 
2100 


800 
400 
800 


400 


800 
400 
300 
800 
350 
850 
200 
450 
450 
450 
4.50 
550 
450 
450 
450 
450 
550 
450 
450 
350 
450 
350 
600 
400 


e 
H 


5800 
6800 
6700 
6600 
7000 
7000 
6800 
6700 
8400 
8400 
8400 
8800 
8150 
0100 
8500 
8550 
8550 
8650 
8650 
9050 
0050 
8950 
8050 
8950 
0050 
8950 
8050 
9150 
8950 
9100 
8000 
8800 


I   ^ 


24928 
24708 


24546 
24846 
25200 
24481 
26570 
25284 
25279 
28084 
27319 
24669 
26083 
24704 
24616 
25818 
26176 
25111 
26721 
25465 
24798 
26614 
24351 
26437 
24790 
24636 
25642 
26437 
26702 
24976 
25200 


KECAPITULATION. 


s 

p 


7.2663 
7.2628 
7. 2170 
7.2197 
7.2527 
7.2246 
7.2193 
7.2618 
7.2732 
7.2696 
7.2994 
7.2639 
7.1992 
7.2096 
7.2827 
7.2747 
7.2950 
7.2851 
7.2791 
7.3021 
7.2898 
7.3011 
7.2871 
7.2750 
7.2380 
7.2747 
7.2833 
7. 2560 
7.2422 
7. 2725 
7.2548 
7.2774 


Bemarks  as  to  ohar- 
aoterof  ohilL 


About  rifht. 

Do. 
Little  deep. 

Do. 
Abont  light. 
Little  deep. 
Little  If  glO. 
About  right. 
Little  light  1". 

Do. 
Little  deept  bnt  good. 
Qood. 

Good,  bnt  deep. 
Liitle  deep. 
Good. 
All  right. 
Do. 


s 

Charge  in  ftimaoe. 

Tenacity 

• 

Density. 

<g 

• 

M 

g 

p.^ 

^ 

H 

J 

a 

0 

1 

% 

i 

Poundi. 

CB 

.a 

OQ 

1 

t 

o 
H 

i 

-a 

3 

0 

I 

0 

3 

• 

§ 

t 

• 

a 

3 
S 

Paund». 

Pound*. 

Pound: 

3,070 

190,500 

62,700 

11,250 

264,450 

27319 

24351 

25456 

7.8021 

7.1992 

7. 


Total  weight  of  iron  melted 
Total  weight  of  shot 


Pounds, 
.  264,460 
.  182,485 


i 


Table  showing  weighU  of  1,000  S-inoh  Butler  chilled  shot. 


Knmber  weighing— 


4 

I 


87 


I 


167 


298 


1 

3 


353 


s 

3 


148 


i 

"S 

g 

0. 


8 


Bemarks. 


Mean  weight,  182.4  pounds. 
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InapecHan  report  of  ^0  8- inch  ogival-headed  Butler  chilled  shot  far  BAnoh  muegle  loadiing 
riflee,  made  for  the  JJ.  8.  Ordnance  D^arlmenthy  South  Boston  Iron  WorkSy  a<  SoiUkBoe- 
ton  Foundry y  under  order  of  Chief  of  Ordnance,  U,  S.  A.,  dated  April  3,  1885. 


Subject  of  measarement. 


PBOJKCTILB. 


Length  of  cylindrical  portion  of  body 


Length  of  head .■ 

Length  of  baoe  for  sabot 

Total  length  of  projectile 

Diameter  of  cylindrical  portion 

Diameter  of  base  over  lock 

RadiuR  of  head 

Thiokneaa  of  bottom 

Length  of  interior  cavity 

Thicknesa  of  walla  at  3.e  inches  from  baae. 

Eccentricity  of  axis  of  interior  cavity 

Diameter  of  acrew-plng  hole 

Pitch  of  thread  on  acrew-plag  hole 

Length  of  thread  on  acrew-plng  hole 


BABOT. 


Height  of  sabot 

Exterior  diameter  of  sabot 

Interior  diameter  of  sabot jEUi«**®'*** 

I  recess 

Maximum  thickness  of  enter  lip 

Minimum  thickness  of  outer  Up 

Depth  of  cannelure .'. 


Weight  of  sabot  and  projectile. 


Prescribed 
dimensions. 


Allowed 
▼ariationa. 


Indus.      Inches. 


\ 


7.3 
L05 

&95 

2 
19.80 

7.96 

7.80 

<L875 
12 

2.25 
10.8 

2.35 

0 

1.6 

8 

2.826 


1.7 
7.95 
6.876 
<L875 
0.23 
0.28 
0.8 
Pounds. 
188 


\t\ 


±.06 


±.01 
±.025 


±.06 

±.1 

±.1 


±.1 
±.01 


±.01 
±.01 
±.01 
±.01 
±.01 
±.01 
±.01 


PereL 


—2 

"±i' 


±2 


iJTumber  of  8-inch  Butler  chilled  ahot  ex- 
amined   10 

Total  number  accepted 10 

Weight  of  heaviest  one  accepted 183 

Weight  of  lightest  one  accepted 1 80 

Weight  of  total  number  accepted 1, 816 

Mean  weight  of  projectile,  pounds 181. 6 


Nnmber  of  sabots  examined If 

Number  of  aabots  accepted U 

Weight  of  total  number  accepted  (rough 

state)  pounds 1041 

Mean  weight  of  sabot pounds. .  lO]^ 

Weight  of  total  number  of  shot  and  sa- 

botaaccepted pounds..  l,81t 


PHYSICAL  PBOPERTIES. 


Specimen 

Density 
(actual.) 

Prescribed. 
25000 

Tenacity. 
ActuaL 

Allowed 
variAtiona. 

M^^^....-    -'-. 

7.2622 
7.8021 
7.1992 

25455 
27819 
24851 

Ptreent. 
—3 

Maximum  ...,-,,rr-..r--  -- 

Minimum  t..^.. ,  — 

24260 

RmABKS. — Shipped  to  Watertown  Arsenal,  April  6, 1886. 

I  certify  that  I  nave  careftilly  inspected  the  aoove-noted  projectiles,  and  that  they  conform  to  tka 
dimenaions  prescribed  within  the  variations  allowed ;  and  furtner,  that  the  terms  of  the  ordw  mm  to 
material  ana  workmanship  have  been  complied  with  in  Uieir  manufacture. 
Date  of  inspection,  April  6, 1885. 

•  D.  A.  LYLB. 

Captain  of  Ordnancs^  Inspetiisfr, 


BEPOET  OF  THE  CHIEF  OF  OHDNANCE. 


407 


Inspection  report  of  1,000  ^inck  ogivdlheaded  ButUr  chilled  shot  for  S-iiuih  mtuizlo-load' 
ing  rifles  f  made  for  the  U,  S.  Ordnance  Department  by  South  Boston  Iron  WorJcs^  at  Sonth 
Boston  Foundry,  under  contract  of  Chief  of  Ordnance,  0.  S.  Army,  dated  December  1, 


Subject  of  measurement. 


PBOJKCTXLI. 

Length  of  cylindrical  portion  of  body 

Length  of  head 

Length  of  basefor  aabot 

Total  length  of  proJectUe 

Diameter  of  cylindrical  portion 

Diameter  of  baae  over  lock 

Badins  of  head 

Thickness  of  bottom 

Length  of  interior  cavity 

Thickness  of  walls  at  3.8  Inches  from  baae 

Sccentrioity  of  axis  of  interior  cavity 

Diameter  of  screw-plug  hole 

Pitch  of  thread  on  screw-plus  hole 

Length  of  thread  on  screw-plug  hole 


BABOT. 


Height  of  sabot 

Exterior  diameter  of  sabot 

Liiterior  diameter  of  sabot  J  SJjJjJ^"]*. 

Maximum  thickness  of  outer  lip 

Minimum  thickness  of  outer  lip 

Depth  ot  cannelure 


Weight  of  sabot  and  projectile. 


Prescribed 
dimensions. 


Allowed 
varlationa. 


\ 


lne?ts9. 
7.8 
LOS 
&95 
2 

19.80 
7.06 
7.80 
6.375 

12 
2.25 

10.3 
2.86 


L5 

8. 

2.825 


L7 
7.05 
6.875 
8.876 
.23 
.23 
.8 
Pounds^ 
188 


Inch, 

til 


db.06 


±.01 
±.025 


±.05 

±.1 

±.1 


±.1 
±.01 


±.01 
±.01 
±.01 
±.01 
±.01 
±.01 
±.01 


P.eL 
-2 


±1 


±2 


Vfunber  of  8-inch  Butler  ohiUed  shot  ex- 
amined      1, 080 

iJTumber  rejected  for  erroneous  dimensions 
ofcylindric  body  or  base 8 

Vamber  rejected  for  erroneous  dimensions 
of  interior  cavity I 

Hnmber  r^ected  for  eccentricity  of  in- 
terior cayity 

Vnmber  rejected  for  defects  in  material 
or  finish 

Total  number  rejected 

Total  number  accepted 1,000 

Weight  of  heaviest  one  accepted. . . .  .lbs . .       185 

Weight  of  lightest  one  accepted do. .       170 


28 

25 

80* 


Weight  of  total  number  accepted . .  lbs . .  18^  486 

Mean  weight  of  projectile do. .  168: 4 

Nuftiber  of  sabots  examined 1, 002 

Kumber  of  sabots  rejected  for  errone- 
ous dimensions 0 

Number  of  sabots  reieoted  for  defects 

in  material  or  finish 2 

Total  number  of  sabots  nyected 2 

Kumber  of  sabots  accepted 1,000 

Weight  of  total  number  accepted  (ron^^ 

state) lbs..  10.487| 

Mean  weight  of  sabot do..  lOA 

Weight  of  total  number  of  shot  and  sa- 
bots accepted lbs..  182,485 


*  Sixty-two  were  provisionally  reiected  for  erroneous  dimensions,  but  were  subsequently  aooepted 
kaving  Deen  "  machined  "  so  as  to  Bring  them  within  the  requirements  of  the  contract. 


PHYSICAL  PROPERTIES. 


Specimen. 


Mean 

Maximum 
Minimum , 


Density 
(actual). 


Tenacity. 


Allowed 
▼arlations. 


BSHARKB.— Shipped  to  Watertown  Arsenal,  March  28, 1885. 

I  certify  that  I  have  carefhllv  inspected  the  above  noted  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  the  variations  allowed ;  and,  further,  that  the  terms  or  the  contract  aa 
to  materia]  and  workmanship  have  been  complied  with  in  their  manufacture. 
Date  of  inspection,  March  20, 1885. 

D.  A.  LYTLE, 
Captain  of  Ordnance,  Jntpeotor, 


Appendix  39. 


INSPECTION  REPORT  OF  n-INCH  EUREKA  MORTAR  SHELL  AND  SABOTS 
Bt  Lieut.  Rogers  Birnie,  Jr.,  Ordnance  Department. 

May  25, 1885. 

General  :  I  have  the  honor  to  transmit  here^^ith  inspection  reports 
of  the  usual  form  for  the  following  lots  of  12-inch  Eureka  shell  and 
sabots  for  12-iuch  muzzle-loading  rifled  mortar,  which  have  been  re- 
cently completed  at  this  foundry,  viz: 

(1)  Fifteen  580ponnd  shell,  complete,  delivered  November  6, 1884. 

(2)  Seventy-eight  610-pound  shell,  complete,  delivered  April  29, 1885. 

(3)  Twenty-five  610  pound  shell,  complete,  delivered  April  13, 1885. 

(4)  Ninety-eight  610  pound  shell,  complete,  delivered  April  29, 1885. 
(6)  Ninety -two  585-ponnd  shell,  complete,  delivered  May  4, 1885. 

(6)  Two  hundred  sabots,  delivered  May  7,  1885. 

These  ])rojectiles  being  intended  for  experimental  firing,  the  contract 
provided  for  modifications  in  dimensions  and  material  contingent  u]>on 
the  results  derived  from  firing  a  limited  number  of  the  first  made. 

The  cast-iron  bodies  of  the  heavier  shell  (610-pound)  were,  however, 
as  authorized  by  the  contract,  completed  in  advance  of  the  firing  test. 

The  fifteen  580  i)ound  shell  were  completed  first  for  the  firing  teat; 
they  were  mad<^  alter  the  dimensions  of  drawing  attached  to  contraet. 
The  completed  shells  were  found  to  average  7.5  pounds  under  weight, 
and  as  a  result  of  the  firing  it  was  decided  to  increase  the  thickness  of 
sabot  through  the  portion  of  base  around  plug  from  0.3  to  0.4  inch; 
the  sabot  otherwise  remained  unchanged,  but  increased  dimensions  were 
prescribed  for  the  shell  body,  and  the  weight  of  projectile  complete  was 
fixed  at  585  pounds.  Plate  I  gives  the  final  drawing  for  these  shells, 
which  was  followed  in  making  the  ninety-five  585-pound  shell  named 
above  (item  5).  The  average  weight  of  these  shell  is  588.6  pounds.  To 
reduce  the  weight  to  585  pounds  the  cylindrical  portion  of  the  body  of 
shell,  which  has  a  diameter  of  11.92  inches,  should  be  changed  from  13.4 
to  13.275  inches;  and  to  reduce  the  weight  to  580  pounds  this  dimen- 
sion should  be  made  13.1  inches,  with  a  corresponding  decrease  of  the 
total  length  of  shell  body  in  each  case,  the  dimensions  otherwise  to  re- 
main unchanged.*  The  core  capacity  of  this  shell  is  857  cubic  inches, 
calculated  to  contain  a  bursting  charge  of  30  pounds  of  powder  upon  a 
basis  of  0.035  pound  per  cubic  inch  of  space. 

After  casting  a  number  of  the  610-pound  shell  bodies  (seventy-eight, 
item  2),  the  length  of  cylindrical  portion  of  body  was  increased  from 
11.9  to  12.176  inches,  and  the  total  length  of  shell  was  correspondingly 
increased.    Plate  II,  Fig.  1,  shows  the  drawing  used  for  dimensions  of 

1^      -  ■  ■-■!■  II  I  I  _ 

*  If  the  dimeDHions  of  core  remain  unchanged,  a  chance  of  0.1  inch  in  length  of 
oylindrical  portiou  of  shell  body  will  efifect  a  change  or  2.9  ponnds  (nearly)  in  the 
weight. 
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the  one  hundred  and  twenty-three  shell  bodies  inclnded  in  items  3  and 
4  above.  The  sabots  placed  upon  the  lot  of  ninety-eight  were  the  same 
as  those  shown  in  Plate  I.  The  sabots  ))laced  upon  the  lot  of  twenty- 
flve  were  altered  for  special  experiments  in  firing.  A  drawing  of  these 
altered  sabots  is  sliown,  Fig.  2,  Plate  II.  Even  with  the  increased 
length  these  shell  fall  some  6  pounds  under  the  prencribed  weight  of  . 
610  pounds  for  the  shell  complete.  In  order  to  make  them  of  full  weight 
the  length  of  cylindrical  portion  of  body  at  rear  should  be  increased  to 
12.4  inches,  and  the  total  length  of  projectile  should  be  made  34.0 
inches. 

The  following  tables  give  the  charges  of  iron  used  for  the  castings 
and  the  results  of  tests  of  the  metal  of  tiie  shell : 

Record  of  castings  and  tests  of  580  and  585  pound  I2'inch  mortar  shell  (Eureka,) 


[All  eautiiiKB  made  direct  from  air-fanmee,  nsinic  asmall laille  with  capaoitv  for  two  castings.  Shell 
.jat  base  up,  and  each  "  fed  "  and  '*  stirred  "  ihionuh  two  "  risers  "  at  uppomte  sides  of  the  core  stem. 
Tenacity  specimen  tested  from  2-inch  proof  bar  and  from  one  specimen  shell  for  each  lot  of  castinfcs. 
Bpedmen  shell  cot  in  two  near  base  of  core  and  specimen  bored  out  from  wall.  For  castings  made  Oc- 
tober 21  and  23,  1884,  the  cylindrical  portion  of  origins)  sbell  pattern  was  reduced  to  three-sixteenths 
tech  sarplns  for  finishing,  cansf  og  the  reduction  in  rough  weight.  For  castiuga  made  April  6  1886,  and 
mbseqnently,  anew  pattern  was  used  to  malte  the  weight  of  finished  projectile  e^aalSSft  pounds  and  suit 
the  new  dimensions  of  projectile  as  prescribed  by  drawing  dated  April  4,  1885  (see  Plate  I).] 
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11.4 


22.2 


14.6  22.2 


Physical  quantities. 


From  proof 
bar. 


8 

S 
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23,317 
26.6.'i3 
27,966 

30, 138 
27,958 
81.649 
2»,952 
80, 159 


o 


cfi 


bA 


7. 3147 
7. 2.^8 
7. 2743 

7.8026 
7. 2494 
7. 26J9 
7.3250 
7.3194 


From  specimen 
shot. 


GO 


26, 
28, 
29, 

81. 
32, 
81. 
33, 
80, 


047 
264 
711 

575 
474 
039, 
909 
518. 


7.2408 

7.1686 
7.2298 

7.2768 
7.2506 
7.20IS 
7.2401 
7.1881 


SUMMABY. 

OaiiMnes 110 

Defective  csstings 1 

Shell  bodies  finished 100 

Shell  bodies  rejected  after  finishing 2 

Total  number  of  shell  bodies  accepted 1 07 


Weights. 


Heaviest  shell  body  finished pounds. 

lightest  shell  boily  finished. do... 

Ayerage  shell  liody  finished do. . . 

Average  specific  gravity 


Original 
contract 
drawing. 


546 
542 
644.5 
7.2169 


Drawing 
dated 

April  4, 
1886. 


666 

657 
661.6 
7.2Sli 
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Recwrd  of  castings  and  teats  of  610  pound  12  inch  mortar  shell  (Eureka). 

[All  oastloKB  made  direct  from  air-faniace,  usinff  a  small  ladle  with  capacity  for  two  caaHpipi. 
Shell  cast  base  ap,  and  each  ''  fed "  and  "  stirred  "  throagh  two  "risers '*  at  opposite  sides  of  the  oore 
stem.  Tenacity  specimen  tested  tiom  2-inch  proof-bar  and  from  one  specimen  shell  for  each  lot  of 
oastinffs.  Specimen  shell  out  in  two  near  base  of  oore  aod  specimen  bored  out  ftom  wall.  Between 
tile  dates  October  9  and  14  the  cylindrical  portion  of  shell  pattern  was  reduced  to  three-sixteenths  Inoli 
surplus  for  linishin)(,  causing  the  reduction  in  rough  weignt.  For  castings  made  October  21  and  sub- 
sequfflitly,  the  shell  pattern  was  Increased  0.3  inch  in  length  to  correspond  to  new  dimensions  of  draw- 
tng  (see  Fig.  1,  Plate  II).] 
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Charge  of  iron  in  percentages. 
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6.1 
17.3 
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16.5 
28.5 
37.0 
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48.3 
47.7 
44.8 
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Physical  qoalita 
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15.4 
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From  proof 
bar. 
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29,088 
27.246 
29,582 
26.837 
26,653 
27,966 
27.669 
24.247 
22,216 
25,943 
24,114 
30,264 


7.1941 
7.1589 
7.2022 
7.1833 
7.2538 
7.2743 
7.3150 
7. 2019 
7.2645 
7.3043 
7.3620 
7.8278 


From  a 


27.643 
30,205 
28,227 
80,682 
28,264 
29,711 
28,502 
26.486 
29,343 
30,467 
28.394 
28,854 
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7. 

7.1B01 

7.1286 

7.1178 

7.1686 

7.2293 

7. 1910 

7.1199 

7.1881 

7.2387 

7.8273 

7.3100 


SUMMARY. 

Castings 

Defective  castiogs 3 

Cut  up  for  additional  tests 1 

Shell  bodies  finished 305 

Shell  bodies  rejected  after  finishing J. 4 

Total  number  of  shell  bodies  accepted '. 


Weights. 


Enlarged 
pattern. 


584 

570 
676.8 
7. 


Hoariest  shell  bodyfijiished pounds. 

Lightest  shell  body  finished do . . . 

Average  shell  body  finished do... 

Average  specific  gravity 

It  was  found  necessary  to  <<  feed  "  the  casting  through  two  risers  in 
the  base,  symmetrically  disposed  with  reference  to  the  core,  since  feed- 
ing on  one  side  alone  caused  a  deflection  of  the  core  and  rendered  tiie 
shell  eccentric.  The  tenacity  specimen  tested  from  the  proof-bar  cast 
with  each  lot  was  used  for  the  information  of  the  founders.  This  test 
cannot  be  relied  upon  to  give  a  correct  test  of  the  strength  of  the  metal 
in  the  castings  proper.  The  metal  of  the  proof- bar  will  generally  be 
found  more  dense  than  that  of  the  shell,  and^  on  an  average,  will  give 
some  2,000  pounds  per  square  inch  less  tenacity  than  that  of  the  shell. 
In  exceptional  cases  the  tenacity  of  the  proof- bar  specimen  will  be  the 
greater,  particularly  in  the  case  where  the  iron  of  the  casting  has  a  nat- 
ural tendency  to  softness.  The  quicker  cooling  of  the  proof-bar  tends 
to.  prevent  ciystallization,  and  the  metal  of  the  bar  will  nearly  always 
be  harder  and  closer  grained  than  that  of  the  casting,  so  if  the  iron  is 
naturally  high  the  metal  of  the  bar  loses  strength,  owing  to  its  exces- 
sive hardness. 

The  position  of  the  test  specimen  in  the  shell  has  an  influence  upon 
the  tenacity,  which  also  varies  for  different  natures  of  iron.  Tbe  posi- 
tion selected  for  the  test  specimen  taken  from  the  shell — the  wall  of 
shell — ogives  probably  a  just  result  for  the  average  tenacity.    In  one 
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instance  specimens  for  tenacity  were  taken  from  four  different  parts  of 
the  same  shell  casting,  with  the  following  results :  Ponnds 

teDftoiW. 

Point  of  shell  (on  axialline) 20,860 

Bide  of  head  (normal  to  curve) 32, 225 

Wall  (at  side  of  core)  \ 24,028 

Base  of  shell  (parallel  to  axis) 26,047 

In  another  case  the  specimen  from  the  extreme  point  gave  22,134 
pounds,  and  that  from  the  wall  of  the  same  shell  24,195  pouncU  tenacity.* 
The  metal  will  generally  be  found  densest  at  the  point  (shell  cast  base 
up),  but  it  is  probable  that  in  the  cooling  process  the  crystallization  of 
the  metal  there  is  not  so  disposed  as  to  give  the  best  results  for  tests, 
at  least  as  regards  a  tensile  test. 

SABOTS. 

The  two  hundred  extra  sabots  supplied  were  made  after  the  drawing 
given  (Plate  I).  An  iron  pattern  was  made  for  casting.  All  the  sabots  and 
the  castings  were  made  in  green  sand.  After  casting,  each  sabot  was 
pressed  into  shape  by  hydraulic  pressure  over  a  templet  made  as  a 
counterpart  of  the  conical  base  of  shell.  This  put  them  in  good  condi- 
tion for  mounting  in  the  lathe,  where  they  were  again  placed  upon  a 
^^  chuck"  or  form  identical  with  the  base  portion  of  shell,  whereon  they 
could  be  entirely  finished  without  dibmounting,  since  the  interior  of  the 
sabot  requires  no  machiue  finish.  The  final  inspection  brought  out  the 
difficulty  of  making  these  castings  perfectly  sound.  The  principal  cause 
of  rejection  arose  from  a  ^^  draw  "  beneath  the  surface  in  the  thick  por- 
tion of  the  base  where  it  joins  the  rim  of  the  sabot.  Where  this  draw 
was  of  considerable  extent  the  cutting  of  the  groove  showed  cavities  in 
the  metal  at  the  bottom  of  the  groove. 

The  following  gives  a  record  of  the  castings : 


Beeard  of  ea»ting$,  Eureka  sdbota,  for 

12-fiio^  muzzle-loading  rifled  mortar  ehell. 

CMtlnge. 

Copper 

(Quhicy). 
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Loos  of 
metaL 

1884. 

Poundt, 

Poundi. 

Pounds. 

Pound!. 

Poundt. 

Poundt. 

Oot.  i 

4 

26.76 

106 

10 

85 

160 

26.00 

46 

2 

8 

8 

26.81 

140 

66 

47 

252 

26.18 

41 

4.6 

20 

5 

20L8 

78 

100 

24 

197 

24.74 

67 

6 

1886. 

Apr.  8 

4 

27.6 

76 

86 

26 

186 

25.00 

21 

4 

4 

12 

27.6 

228 

80 

77 

385 

26.24 

48 

7 

0 

14 

27.6 

270 

60 

90 

420 

25.00 

26 

9 

7 

15 

27.5 

282 

160 

78 

460 

25.16 

36 

12.6 

8 

16 

27.6 

240 

150 

80 

470 

95.00 

46.6 

12 

11 

15 

27.6 

842 

30             114 

486 

25.00 

62 

11.6 

18 

28 

27.6 

735 

50             245 

1.08D 

25.00 

236 

26 

14 

27 

27.6 

631 

200  j           177 

908 

25.00 

146 

20.5 

16 

14 

27.5 

240 

100  1             80 

420 

25.00 

26 

9 

10 

80 

27.5 

700 

65  •           235 

1,000 

25.13 

e   158 

22 

17 

30 

27.5 

760 

40^1           260 

1,040 

25.00 

192 

28 

18 

24 

2:1.6 

507 

100              109 

778 

26.00 

100 

16 

20 

15 

27.5 

280 

130                94 

604 

25.13 

77 

14.6 

21 

15 

27.5 

280 

135  1             94 

609 

25.13 

82 

14.6 

29 

80 

27.6 

063 

120              221 

1,004 

25.00 

154 

26 

23 

28 

27.5 

660 

126              220 

1  006 

25w00 

211 

24 

24 

SO 

27.6 

676 

260  i           192 

1, 017 

25.03 

166 

26 

26 

30 

27.6 

670 

245  •           190 

1,006 

26.00 

164 

26 

28 

80 

27.6 

670 

245 1 

190 

1,005 

26.00 

154 

1         26 

29 

30 

27.6 

670 

245 

190 

1,005 

25.00 

154 

26 

80 

80 

27.6 

670 

245 

190 

1,005 

25.00 

154 

26 
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30 
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30 
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1,010 
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27.6 

240 

240 
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*This  test,  showinfi;  a  tenacity  below  the  prescribed  limit  of  25,000  pouods,  was  not 
acceptable;  it  isgiyen  only  as  an  instance  of  the  relative  strength  of  the  two  speci- 
mens taken. 
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SUMMABY. 

Total  namber  of  aabotsoMt , 

Vot  examined    S 

Bough  caatin^ft  Tpjected  fur  defects  or  erroneona  dimenaionB 2S 

Finibhedaabotsr^ected  for  defects  of  material 17 

Total  nomber  of  flniahed  sabota  accepted 


Inspection  report  of  bS^-pound  l^-inoh  ogivaUheaded  Eureka  ehell,  for  muMeJo-tooMmg 
rifled  moriary  made  for  the  United  States  Ordnance  Department  hy  West  Point  Foundni 
Asuoviation,  at  Went  Point  Foundry^  under  contract  of  Chief  of  Ordnance,  U,  8,  Armny, 
dated  Angust  7,  1884. 


Saljject  of  meaBurement. 


PROJECTILS. 


Lenj^th  of  cylindrical  portion  of  body  i  ™„^ 

Lenpth  of  conical  portion  of  body 

L«*ngth  of  h«*ad  

Length  of  base  for  sabot 

Total  length  ot  projectile 

Diameter  of  cylindrical  portion  J  JJJJ/ 

Diameter  of  conical  base  under  sabot  <  JJJJi 

Badiusnf  head 

Thickness  of  bottom 

Length  of  interior csvity 

Thirkne!*B  of  walls  at  5.0  inches  from  base 

Thickness  of  walls  at  17  5  inches  from  base 

Eccentricity  of  axis  of  interior  cavity,  .per  cent  of  caliber. . 

Diameter  of  fuze  (and  screw-plug)  holes  at  bottom  of  thread. 
Pitch  of  thread  on  fuze  (and  screw- ping)  holes. to  the  inch. . 
Length  of  thread  on  fuze  (and  screw-plug)  holes 


Prescribed 
dimensions. 


Weight  of  projectile  with  plug. 


BABOT. 


Bailius  for  outside  cup  of  base 

BadiuA  for  inside  cup  of  baae 

Hfight  of  sabot    

Exteriordiaroeter  of  sabot 

Thickness  of  base  around  plug 

Thickness  of  parallel  portion  of  base. 

Distaui'e  of  csnnelure  fh>m  rear 

Depth  of  cannelure.  

Maximum  width  of  cannelure 


Weight  of  sabot  (computed) 

Weight  of  sabot  and  projectile 


Inehei. 

18.  i 
2.0 
L25 

18.4 
2.6 

35.0 

11.02) 

11.07  5 
11.82 
11.72 
18.0 
8.0 
24.0 
2.2 
2.225 


I 


Allowed  vari- 
atUms. 


> 


Inchtt. 
8.161 
6.8 
8.75 
11.07 
0.4 
0.25 
0.8 
0.85 
0.8  . 

Pounda. 
24 

585^ 


Indi. 


i:0.05 


±0.01 

±0.01 

±0.05 

±0.1 

±0.1 


PereL 


\ 


«2 


±1 


u 


±0.01 


+8.8 
—6.0 


Knnber  of  585'pound  12-inch  Eureka 
shell  examined 06 

Kumber  rejected  for  defects  in  material 
or  finish     8 

Total  number  rejected 8 

Total  number  accepted ..         02 

Weight  of  heaviest  one  accepted  (in- 
cluding sabot)  lbs..        503 

Weight  of  lightest  one  accepted  (in- 
cluding sabot) lbs  .        584 

Weight  of  total  number  accepted  (in- 
cluding sabot)  62,185.2 

Mean  weight  of  projectile  (including 
aabot) lbs..       588.58 


Number  of  sabots  examined lOt 

Number  of  sabots  rcijeoted  for  ernmeona 

dimensions  (rough  castintcs) 7 

Number  of  sabots  rejected  for  defects  in 

material  or  finish 1 

Total  number  of  sabots  rejected 8 

Number  of  ssbots  accepted  .' M 

Weight  of  total  number  accepted . Iba. .  2,  Oli.  8 

Mean  weight  of  sabot do. .  SL  0 

Weight  of  total  number  of  shot  and  aa- 

bots  accepted  Ilia..  64)166 

ActunI  weight  of  base  plug  (average 

equal) lbs..  6.U 
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PHY8I0AL  PB0PBBTIB8. 


Speeiinoii.* 

Five  tpeoimeoB 

Arenge 

1 

Density  (act- 
aal). 

TeoAoity. 

Sabot  metal. 

Pro. 
•oribed. 

Actiuil. 

Allowed 
varift- 
tiona. 

AokialTaria- 
tions. 

(  From     7. 1881 
\  To         7. 2768 

|S6.000 

(From30,S18 
{To      88,9U9 

}    -> 

51^m4-S.518 
iTo     48.  W9 

Copper,  76  parts. 
Zinc,  25  parta. 

7.2816 

81,908 

-K908 

Seren  prolectflea  in  addition  to  the  86  reqaired  to  complete  contract  accepted  under  antbority  tnm 
ibe  Chief  of  Ordnance,  TT.  &  Army,  dated  April  30. 1885 

RSMAKKB.— Shell  and  sabots  made  after  drawing  dated  April  4, 1886,  shipped  to  United  States 
proYinc  groond,  Sandy  Hook,  K.  JT.,  ICay  16. 1886. 

I  certi^  that  I  bare  careftilly  inspected  the  above-noted  proJectOes,  and  that  they  conform  to  the 
dimensions  prescribed  within  the  variations  allowed ;  and,  further,  that  the  terms  of  the  contract  as  te 
material  and  workmanship  have  been  complied  with  in  their  mauufiMtnre. 

Mat  4,)1886. 

R.  BIRNIE,  Jb., 
LimienatU  qf  Ordnance,  IntpMUnr. 

InapwHon  report  of  560-|>(miid  13-tiic^  ogieaUhoaded  Eureka  shell  for  muzzle-loading  rijled 
wtariarf  made  for  the  United  Statee  Ordnanoe  Department  hy  West  Point  Foundry  AeeO' 
Mation,  at  West  Point  Foundry ^  under  contract  of  Chief  of  Ordnance,  U.  S.  Army,  dated 
August  7y  1884. 


SnttJect  of  measarement. 


Prescribed 
dimensions. 


Allowed  vari- 
ations. 


I 


PBOJBCTILB. 

Length  of  cylindrical  portion  of  body  J  {JJnt      . 

Len  fcth  of  conical  portion  of  body 

Lengthof  head    

Len^h  of  base  for  sabot 

Total  length  of  pro^Jectile 

Diameter  of  cylindrical  portion  i  JJJJ^' 

Diameter  of  conical  base  under  sabot  |  ^q/ 

Radius  of  head 

Thickness  of  bottom 

Length  of  in  terior  cavity 

Thickness  of  walls  at  5.9  inches  ftom  base 

Thickness  of  walls  at  15.8  inches  from  base 

Eccentricity  of  axis  of  interior  cavity,  .per  cent  of  caliber 

Diameter  of  screw-plug  hole 

Pitch  of  thread  on  screw-plug  hole to  the  inch. . 

Length  of  thread  on  screw-plug  hole 


Weight  of  projectile  with  plug. . 

8ABOT. 


Radius  for  outside  cup  of  base 

Radius  for  inside  cup  of  base 

Height  of  sabot 

Exterior  diameter  of  sabot 

Thickness  of  base  around  plug 

Thickness  of  parallel  portion  of  base 

Distance  of  cannelure  from  rear 

Depth  of  cannelure  

Miucimum  width  of  cannelure 


Weight  of  sabot  (computed) 

Weight  of  sabot  and  projectile. 


Number  of  580   pound  12-inch  Eureka 

ahell  examined 15 

Total  number  accepted 15 

Weight  of  heaviest  one  accepted  (include 

ing  sabot) lbs..      576 

Weight  of  lightest  one  accepted  (includ- 

iBg  sabot) lbs..      570 

Wught  of  total  number  accepted  (ex- 

elading sabot) lbs..  8,276.45 


Mean  weight  of  projectile  (including 
sabot)  lbs . . 

Number  of  sabots  examined 

Number  of  sabote  accepted 

Weight  of  total  number  accepted .  .lbs. . 

Mean  weight  of  sabot 

Weight  of  total  number  of  shot  and  sa- 
bou  accepted lbs.. 

Actual  weight  of  base  plug  (av*ge) . .  do. . 


572.58 

15 

15 
811.75 

20.78 

8,58&2 
6.4 
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PHYSICAL  PBOPSRTIBS. 


Speoimea. 


Bight  8p«olmeii8 . . 
Average 


Densitj  (act- 
nil) 


C  From    7. 1190 
{To        7.8278 


7.2028 


Tenacity. 


Pre- 
•cnbed. 


K 


000 


Actual. 


C  From  20, 486 
(To      80,407 


28,746 


Allowed 
varia- 
tions. 


\ 


Aotoalvarift- 
tiona. 


From +1.436 
To      4-5.467 


+8,746 


Sabot  metaL 


Copper,  76  parte. 
Zino,  25  parfea. 


BlMARXB.— Shell  bodies  made  after  drawing  "  corrected  October  U,  1884 ;"  "  modified"  sabots 
drawing  dated  April  8, 1885,  shipped  to  United  States  proying-groond,  Sandy  Hook,  New  Jersey,  April 
14|  1885. 

1  certify  that  I  have  ou^AiUy  inspected  the  above-noted  projectiles,  and  that  they  conform  to  ttio 
dimensions  prescribed  within  the  variations  allowed;  and,  ftirtber,  that  the  terms  of  the  oontraoiaa 
to  material  and  workmanship  have  been  complied  with  in  their  manufacture. 
Date  of  Inspection.— Shell  oodles,  November  29, 1884 ;  sabot  and  shell  complete,  Anrll  18, 1885. 

R.  BLRNIE.  Jr.. 
Li$utenant  of  Ordnanoe,  Intpector, 

Inapecii&n  report  of  610  pound  12-iiicA  ogival-headed  Eureka  shell  for  muzzle-loading  riJUd 
mortar^  nmde  for  the  United  States  Ordnance  Department  by  Wet^t  Point  Foundry  Asm- 
oiaiion,  at  West  Point  Foundry ,  under  oontract  of  Chief  of  Ordnance,  U,  8.  Army  dated  Au- 
gust!, 1884. 


Sul]Ject  of  measurement. 


Prescribed,  Allowed  vari- 
dimensions.  I         ations.         ! 


PBOJVCTILB. 

Length  of  cylindrical  portion  of  body  i  JJJJ^ 

Length  of  conical  portion  of  body 

Length  of  head 

Lengtli  of  base  for  sabot 

Total  length  of  projectile 

Diameter  of  cylindrical  portion  J^f* 

Diameter  of  conical  base  under  sabot  i  JJJJJ*" 

Radios  of  head 

Thickness  of  bottom ' 

Length  of  interior  cavity    

Thickness  of  walls  at  5.'0  inches  fh>m  base 

Thickness  of  walls  at  16.7  inches  trom  base 

Eccentricity  of  axis  of  interior  cavity. per  cent,  of  caliber 

Diameter  01  screw-plug  hole '. 

Pitch  of  thread  on  screw-plug  hole to  the  inch 

Length  of  thread  on  screw-plughole 


Weight  of  projectile  with  plug 

SABOT. 

Radius  for  outside  cnp  of  base 

Radius  fur  inside  cup  of  base 

Height  of  sabot 

Exterior  diameter  of  sabot 

Thickness  of  base  around  plug 

Thickness  of  parallel  portion  of  base. 

Distance  of  cannelure  from  rear 

Depth  of  cannelure 

Maximun  width  of  cannelure 


Weight  of  sabot  (computed) . . . 
Weight  of  sal>ot  and  projectile. 


Number  of  610  pound  12-inch  Eureka 
shell  examined ■ 103 

Number  r^ected  for  defects  in  material 
orfiniah 5 

Total  number  rejected  ...  d 5 

Total  number  accepted 98 

Weight  of  heaviest  one  accepted  (in- 
cluding sabot) 613 

Weight  of  lightest  one  accepted  (includ- 
ing sabot)  598 

We^ht  of  total  number  accepted  (ex- 
cluding sabot) 67,026 

Mean  weight  of  projectile  (including 
sabot) 603.61 


Number  of  sabois  examined 106 

Number  of  sabots  rejected  for  erroneous 

dimensions  (rough  castings) 6 

Number  of  sabots  rejected  for  defects  in 

material  or  finish 4 

Total  number  of  sabots  rejected 10 

Numberof  sabots  accepted 98 

Weight  of  total  number  accepted 2, 128. 26 

Mean  weight  of  sabot     21.72 

Weiffht  of  total  number  of  shot  and 

sabots  accepted  59,154 

Actual  weight  of  base  plug  (average) . .  6. 4 
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PHYSICAL  PR0P£RTIE8. 


Specimen. 


ISight  speoimene. 
Avera^^.... 


DoDsltv  (act- 
ual). 


(From     7.1119 
{  To         7.  3273 


7.2023 


Tenacity. 


Pre- 
scribed. 


1 25, 000 


AotuaL 


5  Prom  26, 436 
\  To      80, 467 


Allowed 
varia- 
tiona. 


AetualTafffa. 
tioaa. 


hit-yvi  M0&iM^. 


\  ;jTo      +5,4«7   7am^.  »m 


28,746 


+3,74« 


KSMAKKS. — One  projectile  In  addition  to  the  two  hundred  reqaired  to  cotDnl4*te  <;ootract  im«»«u^ 
nnder  authority  ftonx  the  Chief  of  Ordnance,  U.  S.  A.,  dated  April  80,  1R85.  KIh;11  Unh*^  untA^  «ft«f 
drawing  ** corrected  October  11,  1884;"  aabota  aft«r  drawing  dated  April  4,  1886.  Hbipj>«4  tM  fv/tad 
States  provius-^oUDd,  Sandy  Hook,  New  Jersey,  May  16,  1885. 

I  certify  bhat  I  have  carefully  inspected  the  aoove-noted  pfujectiies,  and  that  they  cAmtnrm  Ut  tk« 
dimenaiona  prescribed  within  the  variations  allowed :  and,  farther,  that  the  tenns  of  the  cAmUmA  as 
to  material  and  workmanship  have  been  complied  with  in  their  niaunfa<^ture. 

Date  of  inspection. — Shell  bodies,  November  29,  1884;  sabots  and  shell  complete,  April  29,  54M9, 

K.  niKVI£  4m, 
Limitenant  of  Ordnamu 

Inspection  report  of  Eureka  sabots  for  VZinoh  ogivaUkeaded  shell  for  muzzi 
mortar,  made  for  the  United  States  Ordnance  Department  by  Went  Voimi  fy 
diotiony  at  West  Point  Foundry,  under  contract  of  Chief  of  Ordnance^  U.  i  j-» 
August  7,  18d4. 


Subject  of  measurement. 


'  PraacTibed 


(Hmensiaiia   '«-j 


BABOT. 


Radius  for  outside  cup  of  base 

Radius  for  inside  cup  of  base 

Height  of  sabot 

Kxteriordiameter  of  sabot    

Thickness  of  base  aronnd  ping 

Thickness  of  parallel  portion  of  base 

Distance  of  cannelure  from  rear 

Depth  of  cannelure 

Maximum  width  of  oanelure 

Weight  of  sabot  (computed) 


2 


u 


ITomber  of  12-inch  Kureka  sabots  examined 

Wei/Eht  of  heaviest  sabot  accepted 23 

Weightof  lightest  sabot  accepted 21 

Kumter  of  sabots  examined 209 

Knmber  of  sabots  rnjected  for  erroneons  di- 
mensions (rough  castings) 5 


209  •  Nomb'vrof  I 

ierial  w  tiai* 
Total  uuuii*-* 
Numb^  »■•  tai  - 
W«igh'  •••  s« 
Me^c:  wtscA*  •*' 


Composition  of  sabot  metal :  O 


•Bjemabkb.— Kade  after  drawing,  dated  April  4,  UC     hr— - 
Sandy  Hook.  N.  J.,  May  16,  1885. 

I  certify  that  I  have  carefully  iDspectfed  the  aboyn  — c  -  —      > 
dim^Dsfons  prescribed  within  the  variations  alluwci     %.-    ' 
to  material  and  workmunshiphave  been  complied  w^i^  -■  -•  — ^  -  - 

Date  of  ittspectioa.  May  7,  1885. 
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MODIFICATIONS  OF    THE  DRAWINGS  WITH    DIFFERENT  PROJECTILBS 

AND  CALIBERS. 

tfumher  of  sides. — For  8-iiich  projectiles  the  barrels  shoald  be  made 
Mic-sided,  for  10  inch  projectiles  ct/7fc^sided,  and  for  12-inch  and  larger 
calibers  itreZi?^  sided. 

The  head  and  base  pieces. — For  8-inch  projectiles  the  head,  which  is 
always  battened,  may  be  made  1.5  inches  thick,  with  a  batten  1.0  inch 
thick,  and  the  base  also  1.5  inches  thick  when  it  is  battened,  as  in  the 
case  of  mazzleloading  projectiles  with  a  sabot  like  the  Arrick,  but  it 
shonld  be  2  inches  thick  if  the  head  of  the  screw  plug  be  countersunk, 
as  with  breech  loading  projectiles  or  muzzle-loading  projectiles  of  the 
Butler  kind.  For  10  inch  projectiles  and  above,  the  thickness  of  the 
head  or  base  should  not  be  less  than  2  inches,  and  for  projectiles  of  over 
800  pounds  weight  the  thickness  of  the  base  piece  should  be  incre-ased 
to  2.5  or  3  inches. 

The  staves. — Up  to  10  inch  calibers  inclusive,  a  thickness  of  1  inch  is 
sufficient  for  the  staves;  larger  calibers  will  require  a  thickness  of  1.25 
inches.  The  staves  need  not  be  recessed  for  the  sabot  in  cases  where 
they  would  not  i)re«8  injuriously  upon  it,  as,  for  instance,  with  the  pres- 
ent 8-inch  muzzle-loading  Butler  or  Arrick  projectiles,  where  the  sabot 
forms  a  continuation  of  the  straight  cylindrical  portion  of  the  projectile.* 

The  head  batten. — This  is  necessary  with  all  projectiles;  a  thickness 
of  1  inch  will  suffice  for  projectiles  up  to  lOinch  calibers  or  others  not 
much  exceeding  600  pounds  in  weight.  For  larger  or  heavier  projectiles 
the  thickness  should  not  be  less  than  1.25  inches. 

The  ba^e  batten. — This  is  used  only  when  necessary  to  protect  such 
sabots  as  the  Arrick,  its  thickness  being  such  a*s  to  clear  the  rim  of  the 
cUp  from  the  base  of  the  barrel  whilst  supporting  the  head  of  the  screw- 
plug  of  the  projectile;  but  to  be  effective  as  a  batten  the  thickness 
should  not  be  less  than  0.625  of  an  inch. 

The  hoops. — Eight-inch  projectiles  will  need  only  three  bands  of  hoop- 
iron;  with  longer  barrels  than  shown  on  the  drawing,  for  the  800-pound 
12-inch  shot,  a  greater  number  than  four  may  be  found  expedient. 

The  base  straps. — These  m'ust  be  used  and  placed  across  the  gmin  of 
the  base  piece  to  prevent  splitting,  when  the  latter  is  not  secured  by  a 
batten. 

Very  respectfully,  your  obedient  servant, 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance. 

*  In  cases  of  this  kind,  also,  tho  base,  and  head  pieces  would  be  of  equal  eize  and  the 
•taves  of  the  barrel  parallel  instead  of  convergent,  as  indicated  in  the  drawingB  given. 
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INSPECTION  BEPOBT  OF  8  AND  10  INCH  COPED  CJST-JIWN  SHOT,  WITH 
OUT  SABOTS  OB  BANDS,  FOB  BBEECH- LOADING  BIFLES,  MADE  Al 
THE  WEST  POINT  FOUNDBY. 

Bt  Lieut.  Booers  Birmie,  Jr.,  Ordnance  Dkpartment. 

(1  plate.) 

West  Point  Foundry, 
Cold  Spring^  N.  Y.,  September  21, 1885. 

General  :  I  have  the  honor  to  submit  herewith  inspection  reports 
of  the  following  projectiles  made  at  this  foundry  under  contract  of  April 
25,  1885,  viz : 

Fifty-nine  180-pound  8- inch  cored  cast-iron  shot. 

Fifty-one  235-ponnd  8-inch  cored  cast-iron  shot. 

Two  hundred  and  six  285- pound  8-inch  cored  cast-iron  shot. 

Three  hundred  and  one  450 -pound  10- inch  cored  cast-iron  shot. 

These  projectiles,  intended  for  8  and  10  inch  breech-loading  rifles, 
ara  prepared  for  service,  except  banding,  and  have  been  temporarily 
boxed  and  stored  at  this  place. 

The  accompanying  drawing  shows  the  dimensions  of  the  projectiles 
as  made.  After  casting  a  few  samples  of  each  kind  it  was  found  neces- 
sary to  add  to  the  dimensions  of  original  designs  in  order  to  obtain  the 
standard  weights,  as  follows :  With  the  235-pouud  8-inch  shot  0.5  of  an 
inch,  with  the  285-pound  8-inch  shot  0.3  of  an  inch,  and  with  the  lO-inch 
shot  0.2  of  an  inch  was  added  to  the  cylindrical  body  at  the  base. 

Following  the  usual  method  of  manufacture  at  this  foundry,  all  shot 
were  cast  point  down,  with  metal  taken  directly  from  the  air  furnace, 
and  were  fed  (except  for  the  180-pound  shot,  for  which  there  was  but 
one  feeding  head)  with  hot  metal  and  stirring  rods  through  two  small 
risers  on  diametrically  opposite  sides  of  the  core.  The  bases  were  cast 
to  finished  dimensions,  except  a  small  ^<  boss,"  left  for  machine  finish- 
ing— the  part  under  the  head  of  the  base  iXxxg.  The  metal  was  drawn 
in  a  small  ladle,  holding  from  1,600  to  1,800  pounds.  This  method  of 
casting  the  base  to  finished  dimensions  is  ordinarily  followed  at  this 
foundry,  and  the  hard  skin  thus  left  on  the  casting  is  believed  to  be 
advantageous  to  the  strength  of  the  shot  independent  of  the  cost  of 
production.  But,  unless  the  iron  for  the  charge  is  carefully  selected, 
it  is  difficult  to  fulfill  the  requirements  of  the  manufacture  by  this 
method.  The  upper  surface  of  the  casting  is  liable  to  be  unsound.  In 
the  present  case  the  number  of  castings  rejected  by  reason  of  defective 
bases  amounted  to  nearly  10  per  cent,  of  the  whole,  and  has  led  the 
founders  to  consider  the  propriety  in  the  future  of  casting  large  pro- 
jectiles with  a  sinking  head  several  inches  high  over  the  whole  of  the 
base.  However,  former  experience  here  has  shown,  in  the  casting  of 
12-inch  shot  from  700  to  800  pounds  weight,  and  also  with  varying  cali- 
bers down  to  8inch,  that  with  an  entirely  suitable  mixture  of  iron 
thoroughly  satisfactory  shot  can  be  ma<1e  in  the  most  economical  man- 
ner by  casting  the  base  to  finished  size,  as  before  indicated.  The  use  of 
two  feedings  for  the  stirring  rods  becomes  necessary  when  the  cores 
are  long,  since  feeding  upon  one  side  alone  disturbs  the  position  of  the 
core  and  is  liable  to  render  the  shot  eccentric. 

The  following  table  gives  a  record  of  the  castings  and  tests  of  metal, 
including  composition  of  the  charge,  for  each  lot  of  castings: 
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It  will  be  seen  that  the  above  mixtures,  with  a  few  exceptions,  pro- 
duced iron  of  the  required  tenacity,  28,000  pounds  per  square  inch, 
and  of  suitable  specific  gravity,  placing  the  desirable  lower  limit  f  >r 
this  last  at  7.13.  There  was  a  relatively  large  number  of  rejected  cast- 
ings, principally  for  defects  in  the  metal,  due  principally,  it  is  believed, 
to  the  use  of  air-furnace  scrap  (sprue-heads,  &c.)  lacking  in  cleanliness. 
The  introduction  of  a  certain  amount  of  remelted  air-furnace  castings 
is  highly  beneficial  to  the  strength,  and  in  this  case  the  founders  used 
the  only  material  of  this  kind  at  hand,  to  their  ultimate  loss,  however,  in 
the  close  inspection  which  each  projectile  receives  before  it  is  accepted. 
Where  gun-scrap  is  obtainable,  a  mixture  of  this  with  a  soft  anthracite 
and  a  medium  charcoal  pig  is  found  to  produce  good  results. 

Of  the  different  grades  of  pig-iron  used,  the  Amenia  and  Gere  are 
charcoal  irons  and  the  Budsou  and  Poughkeepsie  anthracite  irons. 
The  Amenia,  produced  at  the  Wassaic  Furnace,  Dutchess  County,  New 
York,  has  come  into  notice  within  the  past  few  years.  A  specimen 
taken  from  No.  3  pig  and  tested  at  this  foundr}"^  June  3, 1885,  gave  a 
tenacity  of  18,848,  and  one  of  No.  4  tested  at  the  same  time  gave  40,388 
pounds  per  square  inch.  The  Gere  iron  is  produced  at  Port  Leyden 
(near  /Syracuse),  N.  Y.  Eeceut  tests  of  the  No.  2  pig  at  this  foundry 
gave  tenacities  varying  from  14,385  to  16,219  pounds  per  square  inch. 
The  Hudson  iron  has  given  satisfaction  in  continued  use  at  this  foundry. 

The  specific  gravity  and  tenacity  were  determined  for  each  lot  cast 
by  taking  a  specimen  from  one  of  the  shot,  which  was  cut  in  two  across 
the  largest  cross-section  of  tlfe  core.  The  specimen  was  then  removed 
from  the  exposed  face  of  the  base  portion  with  a  hollow  boring  tool, 
taking  the  axis  of  the  specimen  parallel  to  that  of  the  shot. 
Very  respectfully,  your  obedient  servant, 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance. 

InspecHon  report  of  180-j;otin<{  8-incA  ogival-headedj  cored  cast-iron  ahotj  mthout  eahota  or 
bands  f  for  breech-  loadiag  rifles,  made  for  the  United  States  Ordnance  Department  by  West 
Point  Foundry  Associationj  at  Wist  Point  Foundry,  under  contract  of  Chief  of  OrdnaneSf 

•    U.  S.  Army,  dated  ApHl  25, 1885. 


Subject  of  measarement. 


j  Prescribed 
dimensioDs. 


FROJKCTILB. 


Lenji^h  of  oylindrioal  portion  of  body 

Lensth  of  head 

Tot^  length  of  profectile  ..     

Diameter  of  cy llu^cal  portion 

Radius  of  head 

Thickness  of  bottom 

Length  of  interior  cavity 

Thickness  of  walls  at  4.05  inches  ftt»m  base 

Eccentricity  of  axis  of  interior  cavity 

Diameter  of  screw -plug  hole 

Pitch  of  thread  on  screw-plug  hole 

Length  of  thread  on  screw-plug  hole 


Weight  of  screw  plug 

Weight  of  projectile  with  screw  plug 


Inches. 
10.S38 

8.902 
19.44 

7.95 
12.0 

2.3 
10.25 

2.225 


Allowed 
variations. 


Inch. 
+0.21 
-0.17 
±0.19 
±0.01 
±0.05 
±0.1 
kO.l 
±0.1 


li  per  cent  of  caliber. 
1.5      I  ±0.01 

8  to  the  inch. 


2.3 
Lbs.  OS. 
1  5 

180  0 


±0.1 


Kumber  of  180-pound  8-inch  cored  oast-iron 
shotexamined 65 

Knmber  rejected  for  eccentricity  of  interior 
cavity 2 

Number  rejected  for  defects  in  material  or 
finish   4 


Total  number  rejected 

Total  number  accepted 

Weight  of  heaviest  one  accepted. .  .Iba. 

Weight  of  lightest  one  accepted do. 

Weight  of  total  number  accepted  . .  .do. 
Mean  weight  of  projectile do . 


9 

SO 

184 

180 

10.7a 

18L7 
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PHYSICAL  PROPERTIES. 


SpeoimeiL 

Density  (act- 
naf). 

Tenacity. 

Pre- 
scribed. 

Aetnal. 

* 

Allowed 
yariatiODH. 

Actual  varia- 
tions. 

Mean  of  four  epeoimena,  one 
from  each  lot  cast 

From  7. 1291 
\  To      7. 2850 

|27,000 

5  From  25,  535 
)  To      81. 057 

J          -2,000 

CFrom   -1,466 
{To        +4,067 

7.1036 

28.877 

+1,877 

Rbmakkb.— Boxed,  with  covers  lightly  fastened,  to  pioTide  for  removal  when  handing  is  required, 
and  stored  at  West  Point  Foundry. 

I  certify  that  I  have  carefullv  inspected  the  ahove-not'Od  projcctilos,  and  that  they  conform  to  the 
dimensions  prescribed  w)thin  the  variations  allowed ;  and,  fkirther,  that  the  terms  of  the  contract  as 
to  material  and  workmanship  have  l>een  complied  with  in  their  manufacture. 

Date  of  inspection,  August  14,  1885.  R.  BIRNIE,  Jr., 

lAmUtntuU  oS  Otdnanee,  Intp^etor, 


Inspection  report  of  ZVy-pound  H-inch  ogivalheaded  cored  cast-iron  shift,  without  sabots  or 
bandSffor  oreech-loading  rifles,  made  for  the  United  States  Ordnance  Department  by  West 
Point  Foundry  Association,  at  Jfesi  Point  Foundry,  under  oofiiract  of  Chirf of  Ordnamoe^ 
U.  8,  Army,  dated  ApHl  20,  1885. 


Snhject  of  measurement. 


I  Prescribed  * 
dimensions.' 


Allowed 
variations. 


PROJXCTILB. 


Length  of  cylindrical  portion  of  body  \"' 

Length  of  conical  portion  of  body 

Length  of  head 

Total  length  of  projectile 

Diameter  of  cylindrical  portion  J  }J?j5*' 

Radius  of  head 

Thickness  of  bottom 

Length  of  interior  cavity 

Thickness  of  walls  at  4  0  inches  from  base. 
Thlcknes8  of  walls  at  9.9  inches  from  base. 

Eecentricity  of  axis  of  interior  cavity 

Diameter  or  Hcrew-plng  hole 

Pitch  of  thread  on  screw-plug  hole 

Length  of  thread  on  screw-plug  hole 


Weight  of  screw-plug 

Weight  of  projectile  with  sorew*pIug. 


9.45 

2.75 

L26 
10.55 
24.0 

7.93 

7.97 
16.0 

2.75 
10.15 

2.715 

2.715 
1|  per  cent. 

L5      I 
8  to  the 

2.75 
Poundt. 

1  65 

285  0 


} 


In«h. 

+0.19 

db0.05 
-0.21 

i:0.24 

±0.01 

±0.05 

±0.1 

±0.1 

[       ±0.1 

of  caliber. 

±0.01 
inch. 

±0.1 


Number  of  235-pound  8-inch  cored  cas^i^on 
shot  examined 60 

Number  rejected  for  eccentricity  of  interior 
cavity 2 

Numl>er  fejected  for  defects  in  material  or 
finish 7 


Total  number  rejected 

Total  number  accepted 

Weight  of  heaviefit  one  accepted. .  .lbs. 
Weight  of  lightest  one  accepted  ....do. 
Weight  of  total  number  accepted  ..do. 
Mean  weight  oi  projectile do. 


9 

61 

286 

283 

11,960 

234.7 


PHYSICAL  PROPERTIES. 


Specimen. 

Density  (act* 
ual). 

Tenacity. 

Prescribed. 

Actual. 

Actual  varia- 
tions. 

Mean  of  two  specimens,  one 
from  each  lot  cast 

Averaire 

CFromT;24.30> 
{To      7.24715 

27.000 

$  From  26, 613 
{  To      27, 154 

From  —387 
To        +154 

7.2450 

26,684 

-116 

Rem AKK8. — Boxed,  with  covers  lightly  fastened,  to  provide  for  removal  when  required ;  to  be  banded 
and  stored  at  West  Point  Foundry. 

I  certify  that  1  have  carefullv  inspected  the  above-noted  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  tne  variations  allowed ;  and,  fnither,  that  the  terms  of  the  contract  as 
to  materia]  and  workmanship  have  been  complied  with  in  their  manufacture. 

Date  of  inspection,  August  14, 1885.  R.  BIRNIB,  Jb., 

LieuUnant  of  Ordnanes,  Intp^dor, 
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In9peotion  report  of  286-pound  S-ifich  ogival-headedy  cored,  cast-iron  shoty  without  Ba}>otB  or 
hands f  for  hreech-loading  rifles j  made  for  the  United  States  Ordnance  Departmentf  hy 
West  Point  Foundry  Associaiionf  at  West  Point  Foundry ,  under  contract  ofChirfof  Ord- 
nanoCf  U,  8,  Army,  dated  April  25,  1885. 

PARTIALLY  PREPARED  FOR  SERVICE. 


Sabject  of  meMorement. 


Preacribed 
dimensions. 


PBOJBCTILB. 

Length  of  cylindrical  portion  of  body  i  fj^t 

Length  of  conical  portion  of  body 

Length  of  head 

Total  length  of  projectile.  .^ 

Diameter  of  cylindrical  portion  J  JJJJ^' 

Radius  of  head 

Thickness  of  bottom .' 

Length  of  interior  cavity 

Thickness  of  walls  at  4.75  inches  fh>m  base. . 
Thickness  of  walls  at  13.65  inches  ftx>m  base. 

Eccentricity  of  axis  of  interior  cavity 

Diameter  of  screw*plug  hole ^. . 

Pitch  of  thread  on  screw-plag  hole .'. . 

Length  of  thread  on  screw-pIng  hole 

"Weight  of  screw -plag 

Weight  of  projectile  with  screw-plug 


Inches. 
18.76 
2.75 
1.25 
10.55 
2&30 
7.93 
7.97 
l&O 
8.5 
18.15 
2.715 
2.715 
1|  per  cent 
1.5      I 
8  per 
3.5 
Pounds. 
2.0 

285.0 


Allowed 
variations. 


Inch. 

+0.27 

±0.05 

-0.21 
±0.28 

±aoi 

±0.05 

±0.1 

±0.1 


±0.1 

of  caliber. 
±0.01 
inch. 

±0.1 


{ 


-2.85 
+4.27 


Knmber  of  285-pound  8-lnch  cored  cast-iron 

•hot  examined 264 

Knmber  rejected  for  erroneous  dimensions 

of  interior  cavity 2 

Number  rejected  for  eccentricity  of  in- 

teriorcavity 10 

Knmber  rejected  for  defects  in  material  or 

finish 46 


[  Total  number  rejected 68 

Total  number  accepted 200 

I  Weight  of  heaviest  one  accepted ...  lbs . .        290 
I  Weight  of  lightest  one  accepted  . . .  do. . .        280 
'  Weight  of  total  number  accepted  .  .do . . .  58, 792 
Mean  weight  of  projectile do...       285.4 


PHYSICAL  PROPERTIES. 


Specimen. 

Density  (act- 
ual). 

Tenacity. 

Prescribed. 

Actual. 

Actual 
variations. 

Mean  of  seven  specimeps, 
one  from  each  lot  cast 

A  veraee 

(  From  7. 0956> 
JTo      7.825U 

27,000 

C  From  27, 154 
\  To      31. 009 

From+    154 
To      -f4,009 

7.2104 

............... 

28,350 

-1«350 

Rbmjlbkb. — The  weight  of  twelve  of  the  shot  accepted  was  raised  to  standard  by  adding  8  pounds 
to  the  base-pluff,  which  was  lengthened  bv  screwing  in  an  iron  rod  extending  through  the  core  to  Its- 
point.   Prqjectiles  boxed,  with  covers  lightly  fastened,  to  provide  for  removal  when  bimding  is  required, 
and  stored  at  West  Point  Foundry. 

I  certify  that  I  have  carefully  inspected  the  above-noted  proiectiles,  and  that  thev  conform  to  the 
dimensions  prescribed  within  the  variations  allowed;  and,  furtuer,  that  the  terms  of  the  contract  a« 
to  material  and  workmanship  have  been  complied  with  in  their  manufacture. 

Date  ot  inspection,  August  14,  1885. 

R.  BIRKIS,  Jr., 
Lieutenant  of  Ordnance,  Inspector. 
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Inspection  report  of  A^O-pound  lO-incK  ogivaUhtaded,  oored^  cast-iron  shott  toithout  aahota  or 
hands  f  for  kreeeh-loading  rifles  made  for  the  United  States  Ordnance  Department  hy  West 
I^oint  jFoundry  Association,  at  West  Point  Foundry,  under  contract  of  Chief  of  Ordnance, 
U.  8,  Army,  dated  ApHl  25, 1685. 

PABTIALLY  PREPASSD  FOB  SERVICE. 


Subject  of  meaBurement. 


PROJBCTIUE. 

Length  of  cylindrical  portion  of  body  J  JJJJj  ; ; 

Lengthof  conical  portion  of  body 

Length  of  head 

Total  length  of  projectile 

Diameter  of  cylindrical  portion  J  J^^ 

Radius  of  head 

Th  ickneas  of  hot  torn 

Length  of  interior  cavity 

Thickness  of  walls  at  5.19  inches  from  base. . . 

Eccentricity  of  axis  of  interior  cavity 

Diameter  of  screw-plug  hole 

Pitch  of  thread  onscrew-plng  hole 

Length  of  thread  on  screw-pmg  hole 


Prescribed 
dimentions. 


Allowed 
variations. 


Inches. 
12.99 

2.75 

1.25 
13.21 
80.20 

9.93 

9.97 
20.0 

8.0 
14.56 

2.78 
\\  per  cent  of  caliber. 

1.75  t  ±0.01 

6  per  inch. 


Ineh, 

+0.25 

db0.05 

-0.26 
db0.30 

±0.01 

±0.05 
±0.1 
±0.1 
±0.15 


Weight  of  screw-plag 

Weight  of  proleotile  with  screw-plug. 


Pounds. 
2.5 

450.0 


±0.1 


-4.5 
+6.75 


XTumber  of  450-pound  10-lnch  cored  cast- 
iron  shot  examined 880 

ITnmber  r^ected  for  erroneous  dimensions 
of  Interior  cavity 5 

ITamber  r^ected  for  eccentricity  of  inter- 
ior cavity 1 

Number  rejected  for  defects  In  material  or 
finish 73 


Total  number  nyected 79 

Total  number  accepted 801 

Weight  of  heaviest  one  accepted  . .  lbs . .  456 
Weight  of  lightest  one  accepted  . .  .do. .  444 
Weight  of  total  nnmber  accepted,  .do. . .  185, 168 
Mean  weight  of  projectile do. . .        449. 06 


PHYSICAL  PROPERTIES. 


Si>eoimen. 

Density  (act- 
ual.) 

Tenacity. 

Prescribed. 

Actual 

Actual 
variations. 

Mean  of  seventeen  specimens, 
one  from  each  lot  cast 

A  venure 

5Fpom7.C056> 
{  To      7. 87205 

27.000 

5  From  26, 254 
(To      88,986 

From  —  7. 46 
To      +69. 86 

7  2549 

80,281 

+82.81 

BBMABX8. — The  weight  of  twenty-two  of  the  shot  accepted  was  raised  to  standard  by  adding  4 
pounds  to  the  base-plug,  which  was  lengthened  by  screwing  in  an  iron  rod  extendins  through  the  oore 
to  its  point.  Projectiles  boxed,  with  covers  lightly  fastens,  to  provide  for  removal  when  banding  Is 
required,  and  stored  at  West  Point  Foundry. 

1  certify  that  I  have  carefully  inspected  tne  above-noted  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  the  variations  allowed ;  and,  mrther,  that  the  terms  of  the  contract  ae 
to  material  and  workmansbip  have  been  complied  with  in  their  manufacture. 

Date  of  inspection,  July  11, 1885. 

R.  BIRKIE.  Jr., 
LiewtsnaiiU  ^f  Ordnancsy  Inspector. 


L. 


/ 

^ 

--. 

/ 
/ 

\ 

/ 

4 

\    ^ 

L .-'- 

'           \ 

•^ 

9 

L        .,*,^ 

,     i! 

^ 

1 

1 

_  rtt  ••«,''     ' 

— 

\ 

S 

—   -^J*  - 

-4 

si 

> —  «T* 

s 

-: 

\ 
1 

•*I 

/ 

L 

i_j4; 

Appendix    42. 


MEPORT  0^   RECONSTRUCTION  OF    CONVERTED  e-INCB  RIFLE  NO.  68 

(BREECH  INSERTION). 

By  Libut.  Rogers  Birnib,  Jr.,  Ordnance  Department. 

June  10, 1885. 

6eio:bal  :  I  have  the  honor  to  transmit  herewith  the  following  re- 
ports pertaining  to  the  reconstruction  of  converted  8inch  rifle  No.  68, 
(breech  insertion),  the  inner  tube  of  which,  made  by  Paulding  Kemble, 
&  Co.,  under  contract  dated  June  12, 1883,  for  the  original  gun,  failed 
tinder  the  firing  proof  at  Sandy  Hook,  New  Jersey,  July  26,  1884,  viz  : 

Mechanical  tests  of  two  specimens  of  24-inch  square  Phoenix  bar-iron 
used  for  making  the  new  inner  tubt. 

Inspection  of  coiled  wrought-iron  tube  No.  68  (duplicate). 

Inspection  of  converted  8-inch  rifle  No.  68  (duplicate)  with  record  of 
measurements  with  star-gauge  and  calipers. 

This  is  the  first  instance  in  which  any  other  iron  of  domestic  man- 
ufacture than  the  Ulster  has  been  used  for  making  these  coiled 
wrought-iron  tubes.  At  the  time  the  iron  was  needed  for  this  tube 
the  Ulster  works  were  not  in  operation.  After  several  ineffectual  at- 
tempts to  obtain  bar-iron  of  the  requisite  qualities  elsewhere,  a  lot  of 
8  bars  (sufficient  to  make  the  inner  tube)  was  purchased  from  the 
Phcenix  Iron  Company.  The  tests  of  this  iron  herewith  show  that  its 
general  physical  properties  are  equal  to  those  of  the  Ulster  iron. 

The  iron  was  accepted  upon  the  results  of  the  tests  made  as  given. 
This  iron  is  not  equal  in  purity  to  the  Ulster  iron,  as  shown  by  the 
general  appearance  of  the  metal  when  machine  finished,  but  the  bore 
of  the  finished  tube  is  clean  and  free  from  serious  flaws  or  cinder 
marks. 

In  extracting  the  unserviceable  tube  from  the  casing  after  the  muzzle- 
collar,  securing  pin,  and  vent-piece  had  been  removed,  the  whole  tube 
wlas  unscrewed  and  withdrawn  cold.  No  heat  was  applied,  as  in  a  pre- 
vious case  of  the  same  kind.*  In  this  gun  it  is  certain  that  the  two 
rounds  to  which  it  had  been  subjected  in  the  firing  proof  had  not  "set" 
the  tube  out  against  the  casing. 

The  jacket  of  the  tube  was  also  removed  in  this  case  without  the 
application  of  heat.  The  inner  tube  was  cut  off  near  the  muzzle  end 
of  the  jacket;  the  portion  within  the  bore  of  jacket  was  then  bored  out 
to  within  a  few  inches  of  the  bottom  until  a  shell  of  from  0.01  to  0.03 
of  an  inch  in  thickness  was  left.  The  bottom  was  then  pierced  through 
to  receive  a  strong  bolt,  which  was  passed  through  to  the  front  of  the 
jacket  and  furnished  with  a  screw-thread  at  that  end.  A  cross-head 
was  next  supported  against  the  muzzle  of  the  jacket  and  the  shell  of 
the  tube  withdrawn.    The  sides  were  so  thin  that  no  great  resistance 

*  See  Report  of  the  Chief  of  Ordnance,  U.  S.  Army,  for  1884,  page  :}50. 
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was  offered,  and  the  jacket  was  found  to  be  intact  when  freed  fFom  the 
tube.  The  same  jacket  was  used  in  making  the  new  tube;  it  was  al- 
ready threaded  and  fitted  to  the  casuig,  and  after  being  shrunk  upon 
the  new  tube,  when  the  chase  and  shoulder  of  the  latter  were  turned  to 
finished  size,  was  finally  assembled  again  in  the  gun  casing  without  re- 
quiring additional  finish  except  some  slight  hand- work. 

In  shrinking  the  jacket  upon  the  tube  the  latter  was  not  brought 
to  a  firm  seat  at  bottom;  a  space  of  0.1  of  an  inch  was  left  between  the 
base  of  the  tube  and  the  bottom  of  the  jacket.  This  space  was  after- 
wards caulked  by  driving  in  the  several  segments  of  a  wrought-iron 
ring,  finished  and  fitted,  to  fill  the  empty  space.  The  bottom  of  the 
cup,  or  base  of  the  tube,  finally  received  its  usual  support  from  the  face 
of  the  cast-iron  breech-plug,  which  was  carefully  fitted  to  secure  this  end. 

The  failure  of  the  original  inner  tube  under  the  proof-firing  was  due 
to  the  same  cause  as  in  the  case  of  the  previous  gun  before  referred  to. 
This  tube  was  not  cut  through  the  defects  for  examination,  but  the  de- 
pression in  the  bore  was  examined  after  the  tube  was  cut  off.  The  de- 
pression is  situated  at  the  weld  joint,  between  the  two  coiled  sections, 
which  form  the  middle  of  the  tube,  and  besides  the  prominent  depres- 
sion mentioned  by  Lieut.  C.  W.  Whipple,  the  ofl&cer  in  charge  of  the 
proving,  viz,  ^^  about  0.15  of  an  inch  deep,  1  inch  wide,  and  crosses  two 
lands  and  gi'ooves."  It  may  now  be  seen,  also,  that  a  slight  depression 
completely  encircles  the  bore  at  the  same  place. 
Very  respectfully,  your  obedient  servant, 

E.  BIRNIB,  Jb., 
Lieutenant  of  Ordnance, 


Report  of  infection  of  coiled  wrovght-iron  tube  Xo,  68,  breech  insertian,  mativfactured  at 
the  West  Foittt  Foundry,  for  8'inch  muzzle-loadivg  rifle  converted  from  10-inch  smooth- 
bore Rodman  gun,  under  contract  with  ths  Chief  of  Ordnance,  U,  S,  Army,  dated  June  1% 
lb83. 


Subject  of  measurement. 


DimensioDB. 


Variations. 


Pre- 
scribed. 


I    Inches. 
Totallength  of  tube |    147.66 


TotAl  lenjrtli  of  inner  tube  and  jacket. 
Projectiun  of  breech*plug  in  rear  of 

tube.... 

Lenj^h  of  bore  of  tube 

Leufirth  of  neck  of  tube   

Length  of  chase  of  tube 

LeufEth  uf  first  reinforce  of  tube 

Length  of  second  reinforce  of  tube  . . . 
Length  of  third  reinforce  of  tube .    . . 
Length  of  fourth  reinforce  of  tube. . . 

Diameter  of  bore  of  tub**. 

Diameter  of  neck  of  tube 

Diamet4)i-  of  chase  of  tube 

Diameter  •  f  first  reinforce  of  tube 

Diameter  of  second  reinforce  of  tube. . 
Dian^eter  of  thii-d  reinforce  of  tube. .. 
Diameter  of  fourth  reinforce  of  tube .. 

Length  of  muzzle-collar 

Diameter  of  muzzle-collar : 

Interior 

Exterior 

Play  between  muzzle-collar  and  neck 

of  tube 

Incisions  in  muzzle-collar : 

Depth 

Width 

Total  length  of  jacket 


Actual. 


140. 41 

7.25 
120. 25 

8.0 
7L27 

8.73 
36.91 

7.0 
16.5 

8.0 

9.75 
10.8 
11.6 
13.6 
14.8 
15.6 

7.0 

9.76 
U.85 

0.01 

.0.875 
2.0 
60.41 


Allowed. 


Actual 


Inchet.  '    Incfieg. 


7.15 


8.0 
0.748 


9.768 


0.01 


±0.05 


Inehee, 


-O.l 


±0.03 
±0.03 


0 
-0.002 


±0.03 


-0.002 


-hO.01 


Remarks. 


Three  Inohee  sorpliis 
left  at  masde. 


Left  for  threads. 
Not  xifled. 


1 


Rough  tamed. 


) 


Rough  tanMd. 
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Roport  ofinspeoHcn  of  coiled  torought-iron  tube  No,  6S,  ^o.~CoDtiDaed. 


Sabjeot  of  measarement. 


Dimenaions. 


yariations. 


Pre- 
scribed. 


LeDgth  of  Jacket  in  rear  of  Inner  tube. 
Lezif^  of  jacket  over  inner  tnbe  . . . . . 
Interior  diameter  of  Jacket  over  Inner 

tube ,. 

Exterior  diameter  of  tnbe  under  jacket. 

Correaponding  abrinkafEe 

Total  leoffth  of  inner  tube 

KadiuB  of  curve  at  bottom  of  bore  of 

jacket 

Radina  of  curve  at  bottom  of  tnbe  — 
Length  of  dowela  (two)  for  securing 

tube  to  jacket 

Diameter  of  dowela  for  aeonring  tube 

to  laoket 

Tbiokness  of  wronght-iron  cup  at  bot* 

«  torn  of  tnbe   

Total  length  of  cnp ^. 

Diameters  at  interior  of  onp : 

Top 

Bottom 

Diameter  of  cnp  over  threads 

Pitch  of  thread  on  onp 

Total  length  of  cast-iron  breech-nlng. 
Length  of  breech* plug  within  jacket. . 

Length  of  thread  on  breech-plug 

Diameter  of  breech-plug  over  threads. 

Pitch  of  thread  on  breech-plug 

Diameter  of  shoulder  on  breeon-plng. . 
Thickness    of    shoulder,    including 

curved  portion 

Length  of  square  at  base  of  plug 

Side  of  square  at  base  of  plug 

Lengtli  ox  securing-pin  through  shoul- 
der on  plug 

Diameter    of    securing-pin  through 

shoulder  on  plug 


Inehei, 
17.41 
43.0 

10.5 
10.503 
0.003 
123.0 

1.20 
L25 

8.0 

0.75 

2.75 
5.5 

7.0 
4.6 
7.8 


Actual. 


Inehei. 
17.61 
42.0 

10.498 

10  501 

0.003 


1.20 
1.25 

2.0 

0.75 

2.75 
5.05 

7.0 
4.6 
7.8 


Allowed. 


Actual. 


Remarks. 


Inehet. 
±0.05 
dbO.05 

I  ±0.01  J 


I  ±0.01 


8  to  the  inch. 


24.66 

17.41 

16.41 

7.0 

0.25 

9.75 

1.25 

6.0 

5.0 

4.25 

1.0 


24.66 

17.51 

16. 51 

7.0 

0.25 

a  75 

L15 

6.0 

5.0 

4.25 

1.0 


Inches. 

-1-0.1 
-0.1 

-0.002 
-0.002 


±0.05 
±0.05 


±0.01 
±0.01 
±0.01 
3  to  the  inch. 

-^0.01     

±0.05 


±0.01 


-fO.1 
-fO.l 


-0.1 


The  omissions  in 
"Actual  dimes* 
sions  "  arise  from  the 
fact  that  the  tnbe  waa 
finished  and  inserted 
in  the  casing  at  this 
foundry  (authority, 
Cbfef  of  Ordnance, 
U.  8.  Army,  per  in 
dorsement  dated  Au- 
gust 9,  1884).  The 
finished  dimensions 
appear  on  InspecUon 
report  of  gnn  xfo.  68, 
herewith. 


PHYSICAL  PROPERTIES. 


ig 

* 

• 

i 

1 

§«      1 

Specimens. 

tM.S 

A) 

d 

^£                     Remarks. 

M 

a 

9 

§fe& 

P 

H 

A 

H 

gft*- 

Mean  of  2  8-inch  speci- 

0.2538 

7.6637 

49.440 

9.785 

24.000 

0.284 

PhoBniz  bar-iron,  2i   inchea 

mens.                             1             I 

square,  for  inner  tube. 

Mean  of  2  3-lnch  speci-  0. 2556  | 

49,500 

26,000 

0.305 

Ulster  "B"  iron,  24  inches 

mens.                                           ; 

1 

square,  for  jacket. 

Mean  of  2  a-inch  speci-  0.2552  , 

49.000 



22.000  1    0.297 

Ulster  •*  B  "    iron,  4  x  31  x  3f 

mena                            1            ' 

1 

1              t      inches  for  jacket.                  | 

One  snecimcn i....... 

7. 2259 

31, 057 

Cast-iron  for  breech-plug. 

Gbnsbal  rrmabks.— H\ dranlic  test  of  tube:  Pressoreof  126  pounds  applied  to  inner  tube  when 
flnisbeii  ready  for  assemblage  with  Jacket.  This  tube  was  made  to  replace  original  tube  Jfo.  68,  com- 
pleted April  7,  1884,  wiiich  failed  under  firing  proof  at  United  States  Proving  Ground,  Sandy  Mook, 
If.  J.  The  jacket  of  the  nM  tube,  as  fitted  to  the  gun  casing  at  the  Sooth  Boston  Iron  Works,  was 
taken  off  the  old  tube  without  iigury  and  used  again  for  this  tube.  The  inner  tube  and  breech-cup, 
the  cast-iron  breech-plug,  nnd  the  muzzle-collar  are  new.  The  new  inner  tube  was  made  from  Phosnix 
bar-iron ;  the  physical  qualities  of  this  iron,  toffether  with  those  of  the  Ulster  bar-iron  used  in  making 
the  original  jacket,  are  given  above.  In  shrinking  the  jacket  upon  the  tube,  the  latter  was  not  firmly 
seated  at  bottom— a  space  of  0.1  of  an  inch  being  left  open.  By  authority  of  the  Chief  of  Ordnance, 
V.  S.  Army,  dated  May  27,  1885.  the  contractors  were  allowed  to  calk  this  space  with  neatly  fitted 
segments  of  a  thin  wrought-ircm  plate,  the  final  acceptance  of  the  tnbe  by  the  United  States  In  such 
condition  to  be  determined  by  the  action  of  the  gnn  under  the  firing  proof. 

Destination  of  tube :  ITinished  and  inserted  in  casing  at  West  Point  Foundry. 

« 

I  certify  that  the  foregoing  report  is  correct,  and  that  the  8-inch  coiled  wrought-iron  tube  therein 

Secifled  has  been  accepted  by  me  as  conforming  to  the  standards  as  to  dimensions,  quality  of  mate- 
d,  and  character  of  workmanship  prescribed  by  the  Ordnance  Department 
Date  of  inspection,  June  8, 1885. 

R.  BIRNIE,  Jr., 
LieuUnant  of  Ordnanee,  Insptctot. 
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Record  of  measuremenU  with  star-gauge  and  calipers  of  Sinch  mu^gzU'loading  converted 

rijle  No.  68  breech  insertion. 


Inch. 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
38 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 


Diameter  of  bore 
of  casing. 


§ 


Inchei. 


10.501 
10.501 
10.501 
10.  501 
10.501 
10.501 
10.501 
10. 500 
10.501 
10.591 
10.601 
10.500 
10.500 
10.  500 
10.601 
10.500 
10.500 
10.500 

ao.5oi 

10.501 
10.  501 
10.  500 
10. 500 
10.  500 
10.  .500 
10.  f)00 
10.500 
10.  500 
10.  500 
10.  500 
10.  500 
10.500 
10.  500 
10.  500 
10.500 
10.  500 
10.500 
10.  500 
10.500 
10.500 
10.  500 
10.  500 
10.  500 
10.  500 
10.500 
10. 600 
10.  500 
10.500 
10.500 
10.500 
10.500 
10.500 
10.  500 
10.500 
10.500 


■ 

1 

t 


Inches. 


10. 501 
10. 501 
10.  501 
10.501 
10.501 
10.501 
10.  501 
10.501 
10.  501 
10.501 
10.  501 
10.501 
10.  501 
10.500 
10  500 
10.501 
10.500 
10.501 
10.501 
10.500 
10.500 
10.  500 
10.500 
10.  500 
10.500 
10.500 
10.  500 
10.  500 
10.  500 
10.  ."iOO 
10.500 
10.  500 
10. 500 
10.500 
10.  500 
10.500 
10.  500 
10.500 
10.500 
10.500 
10.  500 
10.  500 
10.  500 
10.500 
10.500 
10.500 
10.  500 
10.500 
10.  500 
10.  500 
10. 500 
10.500 
10.  500 
10.500 
10. 500 


S 


I   • 

o 
•E 


Inches. 
9.746 
9.746 
9.748 
9.750 
9.752 
10.4875 
10.  487 
,0.487 
iO.4885 
10. 4885 
[0.4^8 
10. 487 
10.486 
LO.  4855 
10.4855 
LO.  4865 
LO.  4865 
10.4855 
10.485 
[0.486 
10.  486 
10. 487 
10. 487 
10. 4W5 
LO.  4875 
10. 487 
0.487 
LO.  487 
LO.  4865 
10.  4865 
.0.  4865 
10.4865 
LO.  4865 
10.486 
0.  486 
LO.  486 
LO.  4865 
0.486 
10.  4855 
lO.  4855 
LO.  487 
LO.  4875 
10. 4^05 

4865 
LO.  4865 
LO.  4865 
LO.  486 
10. 4875 
10.  4875 

487 
LO.  4865 
LO.  4865 
LO.  4865 
10.486 
LO.  4805 
LO.  4865 
L0.487 
LO.  4865 
LO.  4865 

4865 
10. 4805 


£ 


4) 


^ 


Inches. 
a  000 

a  000 

8.0005 
8.0005 

a  0005 
a  0005 
a  0005 
a  0005 
a  0003 
a  000 
a  000 
a  000 
a  000 
a  000 
a  000 
a  000 
a  000 
a  000 
aooo 
a  000 
aooo 
aooo 
aooo 
aooo 

8.000 

aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 

8.000 
8.000 

a  000 

8.000 

aooo 
aooo 

8.000 
8. 000 

aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 

8.000 

aooo 
aooo 
aooo 


M 

0 

6 

a 
I 

o 
o 

a 

OS 

.-§ 


Inch. 
!  62 
!  98 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
71 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
lOO 
101 
102 
103 
104 
105 
106 
107 
108 
109 

no 
111 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 


Diameter  of  bore 
of  casing. 


*^ 

a 
e 

H 

1 


Inches. 
10.500 
10.500 
10. 499 
10.500 
10.409 
10.499 
10.499 
11.495 
11.499 
11.500 
11.  501 
11.502 
11.  502 
11.502 
11.502 


.s 


Inches. 
10.500 
10.500 
10.500 
10.500 
10.500 
10.  500 
10.500 
11. 4^16 
11.498 
11.498 
11.499 
11.500 
11.500 
11.501 
1L501 


13.508 
13.  508 
13. 508 
]a509 
13.509 
13.509 
13.509 
13.509 
13.609 
13.  510 
13.  510 
13.  510 
13.  510 
13.  510 
13.  510 
13.  510 
13.  510 
13.  509 
13.509 
13.  510 
13.  510 
13.  510 
13.512 
13.  512 

13. 512 
18.  512 
13.  513 
13.  513 
13.  512 
13.  512 
13.  512 
13.  511 

13. 513 


14.698 
14. 698 
14.698 
14. 698 
14.698 
14.  698 
14.698 
14.698 


13.508 
13.508 
13.508 
13.508 
]a508 
13.508 
13.508 
i:^.  506 
13.509 
13.  509 
ia509 
13.  509 
13.509 
13.509 

lasio 

13.  510 
13.  510 
13.509 
18.  510 
13.510 
13.509 
13.509 
13.  510 
13. 510 
13.  510 
13.509 
ia509 
13.  509 
13.  509 
13  509 
13.508 
ia508 
13. 613 


14.608 
14. 698 
14.  698 
14.698 
14.698 
14.698 
14.898 
14. 698 


a  . 

es  o 


o 


Inches. 
10.487 
10. 4875 
10.488 
10.488 
10.4885 
10.488 
10.4875 
11.4865 
11.4865 
11. 4875 
11.487 
11.4885 
11. 4875 
11.4875 
11.487 


13.  4895 
13. 4995 
ia5005 
13.  5015 
13.503 
13.504 
13.504 
13.  5045 
13  5045 
13.  5045 
13.5045 
13.504 
13. 5035 
13.  5035 
13.5035 
13.5035 
13. 5035 
13. 5035 
13.504 
13.  5045 
13.  .5045 
13.  5055 
13.6075 
13.608 
13.  5085 
13.5075 

13.  507 
16.507 
13.506 
13.5055 
13. 505 
13.505 
ia5055 
ia504 

14.6925 
14. 6925 

14.  693 
14^693 
14.693 
14.694 
14.603 


u  « 

U 


Inches. 

aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
aooo 
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Beoord  of  measuremenU  with  atar-gauge  and  calipersj  ^c. — Continaed. 


Inch. 
4 
14 
24 
34 
44 
54 


Inehea. 
&164 
8.162 
&161 
8.150 
8.158 
8.154 


Inch. 
64 
74 
84 
94 
104 


JneJte*. 
a  153 
8.150 
&140 
8.147 
8.156 


Specimen  of  Phitnix  bar  iron^  marked  P  H  l^  taken  toith  the  fiber  from  lot  of2^-inoh  square 

bars,  received  January  6,  1885,  at  West  Point  Foundry. 

liLength  of  specimen  between  ahonlden:  Original,  8.00  inches ;  after  mptare,  3.811  inches.    Diameter 
of  specimen :  Original,  0.568  inch ;  after  mptnre,  0.440,  0.445  incn ;  mean,  0.4425  inch.] 


1 

Weight 

applied. 

Poundt.  • 

253.4 

506.8 

760.2 

1, 013. 6 

1.267.0 

1, 520. 4 

1,778.8 

2,027.2  ; 

2.280.6 

2,534.0  ; 

2,787.4  ! 

3.040.8 

3,294.2 

8,547.6 

8,801.0 

4,054.4 

4,307.8 

4,561.2 

4,814.6 

5.068.0 

5, 321. 4 

5,574.8 

5,82a2  , 

6,081.6 

6,335.0 

• 

Measurements. 


Measurements,    i 


Under 
stress. 


Inch. 
.252 
.252 
.252 
.252 
.252 
.252 


:  Weight 

!  Believetl     applied. 


.252 
.252 
.252 
.252 
.252 
.252 
.258 
.253 
.253 
.253 
.253 
.258 
.253 
.253 
.258 
.253 
.254 
.256 


from 
stress. 


Inch. 
.252 
.262 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.252 
.  252 
.252 
.252 
.252 
.252 
.254 


Pounds. 

6,588.4 

6,841.8 

7,096.2 

7,348.6 

7.602.0 

7,855.4 

8.108.8 

8.362.2 

8,615.6 

8,860.0 

0.122.4 

9, 375. 8 

9,629.2 

9,882.6 

10, 136. 0 

10. 389. 4 

10. 642.  8 

10, 896. 2 

11,149.6 

11. 403.  0 

11,656.4 

11,909.8 

12. 163. 2 

12,600 


Under 
stress. 


Inch. 
.259 
.265 
.270 


RelicTed 

from 

stress. 


Inch. 
.256 
.262 
.267 


►1.078 


*  Specimen  broke. 

Prasture  applied  for  test  of  hardness pounds . .    10, 000 

Oorresponaing  length  of  o  a t inch . .  .  702 


BsMABKB. — It  was  impossible  to  get  half  specimens  accurately  together,  so  an  allowance  was  made 
of  0.01  inch.    Cut  fh)m  tne  end  of  one  of  eight  oars  submitted  by  Paulding,  Kemble  &  Co.^  and  intended 
for  the  fabrication  of  an  inner  tube,  contract  of  June  12, 1888,  for  fifty  8-inoh  coiled  wronght-iron  tabes, 
breech  insertion. 
Tested  at  United  States  Proving  Ground,  Sandy  Hook,  K.  J.,  January  14, 1885. 
Tested  by— 

WM.  M.  MBDGALFB, 
Lieutenant  qf  Ordnanes. 
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Weight  per 

sqasre  inch 

of  original 

area. 


14,000 
15,000 
16,000 
17,000 
18.000 
10,000 
20, 000 
21,000 
22, 000 
28,000 
24,OUO 
25,000 
26,000 
27,000 

28,000 

*   ■ 

40,300 


Tahlt  of  deduced  rtHulis. 


Extension  ,  8"C«m«>^«  Restoration'  S^cceesive 
«t*f««ii      extension    ^?r^J!:";ir  , '••^oration 

in  length.  ,  jj  j^^g^j,      in  length,     ji  1^0^^^. 


Poundt. 
1,000 


I 


nentset    '     ^^^^^ 
Ti^i^  in^h    ■   nent  set 

In  length.     £",^„^. 


I 


Inch. 


.0008J 

ioooa] 

.0008] 

.0003] 
.0003] 
.0003] 

.0008] 
.0008] 
.0003] 


0013] 

0023] 

(H)48] 

.00  6 


Inch. 


I 


Inch. 


.0003i 

0 

0 

0 

0 

0 

0 

0 

0 

0 
.0003i 
.00061 
.001 
.002 
.0016} 


.OOOSi 

.0003} 

.0003 

.0003: 

.0003 

.0003 

.0003  r 

.0008: 

.00034 

.0003} 


Inch. 


.ou 

.001 
.001 
.001 


.OOOSi 

0 

0 

0 

0 

0 

0 

0 

0 

0 
.0003i 

0 
.  0003i 

0 

0 


Inch. 


Inch, 


.0006* 
.0013{ 
.0083i 
.005     . 


.00061 
.0006f 
.002 
.00161 


.2736f 


2676} 


GENERAL  SUMMARY. 

Speotflo  gravity 

£Lardne«s 

Elastio  limit pounds. 

Extension  per  inch  at  elastic  limit inch. 

Ultimate  resistance  per  square  Inch  of  original  area pounds. 

Ultimate  extension  per  inch — inch. 

Ratio  of  elastic  to  ultimate  resistance 

Original  area  of  cross-section square  inch . 

Contraction  in  area  at  fracture percent. 

Ultimate  resistance  per  square  inch  of  ft-aotioual  area pounds. 


7.1 
9.M 

24.000 

0.00066 

40,880 
0.27 
2.05 
0.2534 
39.3 

81.280 


Spedmen  of  Phoenix  bar  irofif  marked  PH2f  taken  with  the  fiber  from  lot  of  2^'inch  square 

bare,  received  January  6,  1885,  at  JFest  Point  Foun(Xry, 

[Length  of  specimen  between  shoulders :  Original,  3.00  Inches ;  after  rupture,  8.894  inchea.    Diameter 

of  specimen :  Original,  0.569  inch ;  after  rupture,  0.440  inch.] 


Measurements. 


Measurements. 


Weight 


applied. 

Under 
stress. 

fneh. 

Relieved 

ftxim 

sti*ess. 

Pound*. 

Inch. 

254.  :< 

.276 

.276 

50R6 

.276 

.276 

762.9 

.276 

.276 

1, 017.  2 

.276 

.276 

1, 271. 5 

.276 

.276 

1,525.8 

.277 

.276 

1, 780. 1 

.277 

.276 

2,034.4 

.277 

.276 

2,28&7 

.277 

.276 

2,548.0 

.277 

.276 

2,797.8 

.277 

.276 

8,05L6 

.277 

.276 

3,805.9 

.277 

.276 

8,560.2 

.278 

.276 

8,814.5 

.278 

.276 

4,06&8 

.278 

.276 

4.828.1 

.278 

.276 

4,577.4 

.278 

.276 

4,881.7 

.278 

.276 

5,086.0 

.279 

.276 

5, 340. 8 

.279 

.276 

5,594.6 

.279 

.276 

2.848.9 

.279 

.276 

6. 103. 2 

.2795 

.276 

6, 357. 5 

.280 

.277 

Weight 
applied. 


Under 
stress. 


Pownda. 
6,611.8 
6.866.1 
7. 120. 4 

7. 374. 7 
7,629.0 
7,888.8 

8. 137. 6 
8, 891. 9 
8,646.2 
8,900.5 

9. 154. 8 
9,409.1 
9,663.4 

9. 917. 7 

10. 172. 0 
10.426.8 
10. 08a  6 
10, 934. 9 
11,189.2 
11, 443. 5 
11,697.8 

11. 952. 1 
12, 206. 4 
12, 460. 7 
12,600 


Inch. 
.284 
.289 
.295 


Relieved 

ttOTB.       \ 

stress. 

I 
Inch. 
.280 
.286 
.291 


•1. 170 


*  Specimen  broke. 
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PreaeiiTe  applied  for  teat  of  bardnesB poanda . .  10, 000 

GorreBponaing length  of  cat Inch..  .096 

BsMABKB. — Cut  from  the  end  of  one  of  eight  ban  submitted  by  Paaldinflr,  Kemble  Sc  Co.,  and  In- 
tended for  the  fabrication  of  an  inner  tabe,  contract  of  Jane  12, 1883,  for  fifty  8-inch  coiled  wroaght- 
iitm  tubes,  breech  insertion. 

Test«>d  at  United  States  Proving  Groand,  Sandy  Hook,  X.  J.,  January  U,  1885. 
Tested  by— 

WM.  M.  MBDCALFE, 
LieutmuiTU  <^f  Ordnanyt^ 
Tiible  of  deduced  reeulis. 


Weight  per 

square  inch 

uf  original 

area. 


Pound*. 
1,000 


6. 

7, 

8. 

9, 
10. 
11. 
12, 
13, 
14, 
15. 
16, 
17. 
18, 

19, 
20, 

21, 
22. 
23, 
24, 
25, 
26. 
27, 
28, 


000 
000 
000 
000 
000 
000 
000 
OOO 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
OOO 
000 
000 


40.550 


E.X  tension 

per  inch 

in  length. 


Successive 

extension 

per  inch 

in  length. 


Inch. 


.OOOSi 

.ooor 

.000! 

.0003 

.  00034 

.00034 

.0003} 

.0003} 

.0006} 

.0006} 


Inch. 


Bestoration 

per  inch 

in  length. 


Inch. 


.00031 
0 
0 
0 

0  I 

2       ! 

0         I 
.00031  ! 

0 

0 

0 

0 

0 
.0003} 

0 

0 

0 

.0001} 
.0001} 
.0013} 
.0016} 
.002 


Successive 

restoration 

per  inch 

in  length. 


Inch. 


.208 


.2916} 


.OOi 

.00< 

.0003 

.0003 

.0003 

.  0003 

.0u03} 

.0003}  ' 

.0006}  ' 

.0006} 

.0006} 

.0006} 

.0006} 

.oooe} 

.001   ! 

.001   I 

.001 

.001 

.0011} 

.001 

.0018} 

.001 

.0018} 


.0008} 

0 

0 

0 

0 

0 

0 

0 
.0003} 

0 

0 

0 

0 

0 
.0003} 

0 

0 

0 

.0001} 

—.0001} 

.0003} 

—.0003} 

.0003} 


Perma- 
nent set 
per  inch 
in  length. 


Inch. 


Successive 
perma- 
nent set 
per  inch  ' 

in  length. 


Inch. 


0003} 
0013} 
0083} 
005 


. 0003} 
.001 
.002 
.0016} 


-I 


GENERAL  SUMMARY. 

Specific  gravity 7.6456 

Bardness 9.98 

Slastic  limit pounds..  24,000 

Extension  per  inch  at  elastic  limit inch..  0.00116 

mtimate  resistance  per  square  inch  of  original  area pounds . .  49, 550 

tJlttmate  extension  per  inch inch . .  0. 298 

Ratio  of  elastic  to  ultimate  resistance 2.06 

Original  area  of  cross-section square  inch . .  0. 2548 

Contraction  in  area  at  fracture percent..  40.2 

Ultimate  resistance  per  square  inch  of  Araotured  area pounds..  82,866 


Appendix  4  3. 


REPORT  OF  THE  ROLLING  AND  DRAWING  INTO  WIRE  OF  TWENTY  8^ 
LECTED  STEEL  BILLETS  AT  THE  TRENTON  IRON  WORKS,  TRENTON, 
N.  J. 

By  Lieut.  Wm.  M.  Mbdcalfr^  Obdnance  Department. 

In  obedience  to  instructions  from  the  Chief  of  Ordnance,  the  billete 
of  two  ingots,  Nos.  75  and  48,  were  set  aside  w  be  rolled  separately,  in 
order  to  specially  observe  their  manufacture,  and  ascertain,  if  possible, 
the  cause  of  breaks  occurring  in  the  process  of  drawing,  and  sach  other 
accurate  information  as  might  prove  valuable  in  future  operations  of 
the  same  nature. 

The  billets  were  of  open-hearth  steel  and  showed  the  following  phys- 
ical properties  when  tested  at  the  Otis  Works,  Cleveland,  Ohio: 


Ingot  No.  75. 

Longitndinal  specimen 
Transverse  specimen    . 

Ihgot  No.  48. 

Firat  tut 

Longitadinal  specimen 
Transverse  sp<>cimen  . . 


Second  Uai. 

Longitudinal  specimen 
Transverse  specimen . . 


Third  tut. 


p  p 

©  cr* 


p 
o   . 


p 

o 


Pounds  J  Ptret. 
75,300  I  60.41 
71,830  '    25.35 


78. 770 
74,860 


79,950 
76,430 


Longitadinal  specimen !  77, 400 

Transverse  specimen 72, 710 


4&72 
18.57 


54.45 
19.41 


52.04 
21.48 


9.  a 
So 
fit «» 


Peret 
33.7 
16.33 


30.45 
13.5 


30.05 
19.83 


31.75 
12.67 


Kem^ks. 


I  Specimen  taken  from  bottom  end  of  top  billet. 


?  Specimen  taken  from  top  of  top  billet 
5     the  top  billet  rejected  after  tbia  tost. 


\  Additional  test  made  of  billet  taken  at 
>     dom  from  those  of  the  ingot. 


)  Additional   test  made  of  sxMolmen  taken 
>     trofm  bottom  end  of  top  billet 


The  eleven  billets  of  ingot  Fo.  75  were  taken  to  represent  the  best 
steel  furnished  under  t!he  contract  with  the  Otis  Iron  and  Steel  Com- 
pany, and  the  nine  billets  of  ingot  Fo.  48  to  represent  the  worst. 

The  conversion  of  these  billets  into  wire  was  begun  May  23,  and  com- 
pleted June  13.  The  process  was  watched  by  the  inspector  as  far  as  to 
include  the  first  draught,  and  thereafter  by  Mr.  Frank  E.  Davis,  from 
whose  notes  this  report  is  largely  compiled. 

The  billets  were  weighed  before  being  placed  in  the  heating  farnaoe. 
They  were  withdrawn  when  they  had  acquired  a  full  yellow  heat,  some 
being  nearly  white.    The  time  of  remaining  in  furnace  varied  from 
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twenty-six  to  forty-three  minates,  twenty-six  minutes  being  required  ta 
^ve  them  a  fall  heat. 

As  they  were  taken  from  the  furnace  they  were  immediately  trans- 
ferred to  the  rolls  and  reduced  to  ^-inch  rods  in  nine  passes.  When  rolled 
the  billets  appeared  to  be  uniformly  heated,  and  on  leaving,  the  rolls 
showed,  except  in  the  first  billet  rolled,  when  a  slight  delay  occurred,  a 
'bright  red  color.  The  time  of  passage  through  the  rolls  was  about  one 
and  one-fourth  minutes. 

While  still  hot  the  billets  were  tagged  with  numbers  and  weighed. 
To  more  accurately  determine  the  loss  due  to  heating  they  were  again 
weighed  cold.  The  loss  was  found  to  be  2.47  per  cent.,  which  is  much 
smaller  than  is  usually  expected  by  the  manufacturer.  This  was  prob- 
ably due  to  the  fact  that  no  time  was  lost  in  removing  the  billets  from 
the  furnace  when  they  had  acquired  a  full  heat* 

The  usual  loss  in  the  case  of  cast-steel  is  4.68  per  cent.,  and  instances 
on  record  in  the  company's  books  show  a  loss  of  5.9  per  cent. 

The  rods  were  tagged  with  numbers,  the  odd  numbers  from  1  to  17 
inclusive,  being  attached  to  those  of  ingot  48,  the  remaining  numbers 
up  to  20,  to  those  of  ingot  75.  The  tags  were  retained  throughout  all 
the  operations,  so  that  the  identity  of  each  coil  was  known  with  cer- 
tainty. 

Wiien  cold  the  rods  were  pointed,  the  ends  being  heated  in  a  black- 
smith's fire,  and  hammered  down  to  a  tapered  point.  Where  the  end 
was  defective  a  short  piece  was  cut  off,  which  necessitated  the  coils  be- 
ing reweighed  after  pointing. 

The  annealiug  took  altogether  twenty-nine  hours,  seven  hours  for  the 
rods  to  acquire  a  full  heat  and  twenty-two  hours  for  cooling.  When 
the  rods  were  taken  out  the  annealer  was  hot  enough  to  blaze  a  piece 
of  wood.    Temperature  estimated  at  650°  F. 

The  temperature  of  annealing  was  det-ermined  by  the  introduction  of 
heat  tests  prepared  by  Dr.  Woodbridge.  They  consisted  of  alloys  of 
copper  and  tin,  inclosed  in  short  iron  tubes.  There  were  eight  of  these 
tests  used  ;  IS^os.  1  and  5  were  composed  of  1  part  tin,  3  parts  copper  ; 
Nos.  2  and  6  of  1  part  tin  and  3 J  parts  copper;  Nos.  3  and  7  of  1  part 
tin  and  4i)arts  copper;  Nos.  4  and  8  of  1  part  tin  and  5  parts  copper; 
Nos.  1,  2,  3,  and  4  were  wired  to  the  coil  first  placed  in  the  annealer, 
and  Nos.  5,  6,  7,  and  8  to  the  last  or  top  coil. 

After  annealing  these  tests  were  found  to  be  as  follows :  Nos.  1  and  2, 
unaltered  ;  No.  3,  slightly  flattened ;  No.  4,  unaltered ;  Nos.  5  and  6, 
considerably  flattened ;  No.  7,  melted ;  No.  8,  unaltered. 

These  results  would  show  that  the  hottest  portion  of  the  annealer  is 
near  the  top.  Why  the  more  fusible  alloys,  Nos.  1,  2,  5  and  6,  were  the 
least  affected  is  unexplained,  unless  the  tests  were  placed  in  the  wrong 
boxes.  The  temperature  required  to  melt  No.  7,'  assuming  that  it  was 
correctly  placed  in  its  box,  would  be  about  l,800o  F.,  which  represents 
the  maximum  temperature  attained  in  the  hottest  portion  of  the  an- 
nealer.t 

■  ■_■■-■  ^  _  ,      _  ,.,       ■  -  ■  ■  ■  ■  ■■  -     ■ ^l   ■■—■---  ■  ■  ■  ■  y  -  ■  ■   ^ 

*  Probably  the  most  important  oircumstances  connocted  with  the  smaU  lose  of 
weight  in  heating  and  roUing  the  biUets  into  wire-rods  are  these  : 

The  furnace,  which  has  Just  been  in  use  for  heating  iron  biUets,  was  at  a  higher 
heat  than  was  required  for  steel,  and  therefore  did  not  require  much  additional 
firing.    Fuel  was,  however,  abundantly  suppHed,  but  the  blast  was  not  urged. 

These  were  circumstances  very  favorable  to  diminishing  the  oxidizing  tendency  of 
the  furnace  gases.— (W.  C.  Woodbridge). 

t  Subsequent  trial  of  the  order  of  fusibility  of  the  specimens  of  the  alloys  used  at 
heat  tests  in  the  annealing  showed  that  they  had  been  wrongly  numbered.  Using  the 
numbers  applied,  they  fused  in  the  following  order :  No.  3,  No.  2.  No.  1,  No.  4. — ( W.  C. 
Woodbridge.) 


438         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

The  pickling  bath,  newly  prepared  for  these  coils,  contained  102 
pounds  of  oil  of  vitriol  and  3,131  pounds  of  water,  or  the  proportion  of 
1  part  oil  of  vitriol  to  30.69  parts  water.  Its  temperature  was  estimated 
to  be  about  lOQo  F. 

Wires  Nos.  1, 2,  3,  4,  6,  6,  8,  9, 11, 12,  15, 16, 17,  19,  and  20,  were  im- 
mersed  39  minutes;  7, 10, 13, 14,  and  18,  49.5  minutes.  As  soon  as  re- 
moved from  this  bath  the  rods  were  washed  and  allowed  to  lie  wet  for 
a  sufficient  time,  say  20  minutes,  to  acquire  a  *'  water  coat.''  They  were 
then  lime  coated  and  placed  in  the  baking-oven  to  dry. 

The  lime  coating  consisted  of  2  parts  rye  flour  lees  and  1  part  milk  of 
lime.  The  lees  being  prepared  by  stirring  2  or  3  pounds  of  rye  flour  in 
a  barrel  of  water.  f  ) 

The  baking  lasted  over  night,  occupying  in  all  al  out  fifteen  hours. 
The  oven  was  not  of  uniform  temperature  throughout.  A  piece  of  lead 
placed  on  one  of  the  coils  partially  melted,  which  shows  the  tempera- 
ture to  be  in  the  neighborhood  of  630°  F. 

The  coils  were  weighed  after  baking  and  the  loss  of  weight  in  the 
pickling  bath  determined.  It  varied  fi^m  0.2  of  a  pound  to  1.1  pounds, 
the  mean  loss  being  0.63  of  a  pound.  The  rods  were  now  ready  for  the 
draw-plate.  After  the  second  draught  a  coating  of  copper  was  applied 
to  improve  the  smoothness  of  the  surface.  For  this  purpose  they  were 
immersed  one  by  one  in  a  solution  of  sulphate  of  copper  with  a  small 
excess  of  sulphuric  acid,  and  lay  in  it  until  a  satisfactory  coating  of 
copper  was  obtained.  After  coating  the  coils  were  washed  by  playing 
on  them  with  a  hose,  then  lime  coated  and  placed  over  the  annealer  to 
dry. 

The  time  of  immersion  of  the  coils  jn  the  copper  sulphate  bath  varies 
with  the  size  of  the  wire,  being  over  a  half  an  hour  after  the  second 
draught  and  only  five  or  six  minutes  after  the  ninth  draught. 

Tallow  was  used  as  a  lubricant  in  drawing.  The  following  points 
were  carefully  noted  by  Mr.  Davis  during  the  drawing :  Time,  speed, 
and  angle  of  draught ;  diameter  of  coil  freely  expanded  when  taken 
from  drum  ;  dimensions  of  the  wire  after  each  draught ;  taper  of  punch; 
observance  of  the  rule  of  reversing  wire  after  each  draught,  and  breaks 
or  other  nnusual  occurrences.  His  notes  in  full  on  these  points  are  hereto 
appended. 

In  adjusting  the  draw-plate  the  workmen  give  the  plate  a  slight  cant 
to  the  rear  to  introduce  a  bend  in  the  wire,  and,  as  they  say,  '^  kill  it," 
or  make  it  lie  flat. 

It  was  claimed  that  without  this  precaution  the  wire  would  become 
unmanageable  when  removed  from  the  drum.  At  the  request  of  Dr. 
Woodbridge  two  coils,  Nos.  17  and  18,  were  drawn  with  the  plate  ver- 
tical. No  such  trouble  as  was  anticipated  resulted,  the  diameter  of  the 
freely  expanded  coils  being  only  slightly  greater  than  in  the  case  of 
coils  drawn  in  the  usual  way.  If  the  physical  tests  to  be  made  at 
Watertown  Arsenal  of  specimens  taken  from  the  different  coils  show 
that  the  strength  or  elasticity  of  the  wire  is  at  all  impaired  by  this 
bend,  which,  as  suggested  by  Dr.  Woodbridge,  stretches  in  the  draw- 
plate  one  side  more  than  the  other,  I  see  no  good  reason  why  a  perfect 
parallelism  of  the  surface  of  the  plate  with  the  axis  of  the  drum  may 
not  be  insisted  upon  hereafter. 

Mr.  Davis's  record  of  the  breaks  occurring  during  the  drawing  are 
appended.  Most  of  them  consisted  merely  in  the  tapered  point  break- 
ing off.  Four,  however,  deserve  attention.  Coil  No.  9  broke  on  the 
fourth  draught  after  drawing  7  feet.  It  was  cut  olf,  as  the  plate  was 
gouging  it  badly  on  the  under  side.    Coil  No.  11  broke  on  the  fourth 
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draaght,  after  the  first  third  had  been  drawn.  This  also  Mr.  Davis 
considers  was  dae  to  gouging  of  the  draw-plate. 

Coil  Fo.  15  broke  on  the  eighth  draaght  after  drawing  seventeen  coils. 
The  plate  was  found  to  be  gouging  the  under  side  of  the  wire.  Coil  No. 
7  broke  on  the  eighth  draught,  shortly  before  the  completion  of  the 
draaght.  The  fracture  was  short  and  diamond  shaped.  The  remark 
that  <<  the  plate  had  been  scraping  one  of  the  sides  at  the  corner  at 
which  the  fracture  started''  is  not  understood,  but  it  seems  to  imply 
that  in  the  opinion  of  Mr.  Davis  this  break,  as  in  the  case  of  the  others, 
was  due  to  the  imperfections  of  the  plate. 

All  these  breaks  appear,  then,  to  have  been  caused  by  the  draw-plate 
itself.  Undoubtedly  this  explains  the  breaking  of  the  wire  in  many 
instances,  although  the  nature  of  the  lubricant  has  certainly  had  a 
great  deal  to  do  with  it  in  the  past.  During  the  time  that  the  wet 
process  was  used,  and  especially  for  a  short  period  when  glucose  was 
employed,  the  breaks  were,  according  to  the  statement  of  the  workmen, 
much  more  frequent  than  at  present  with  the  use  of  tallow. 

It  is  also  to  be  remarked  that  all  these  breaks  occurred  in  coils  com- 
ing from  ingot  No.  48,  selected  as  inferior  to  No.  75,  and  possessing 
considerable  less  ductility  than  the  latter. 

It  was  intended  to  preserve  specimens  of  the  broken  wire  and  send 
them  on  for  analysis.  During  my  absence  the  broken  pieces  were, 
however,  allowed  to  be  thrown  in  the  scrap  heap  and  their  identity  lost. 

A  specimen,  4  feet  in  length,  wa-s  taken  from  each  finished  coil, 
tagged  with  its  proper  number,  and  sent  to  Watertown  Arsenal  for 
physical  test. 

Heating  afid  rolling. 


ir«.of 

lagot 


48 
76 
48 
75 
48 
76 
48 
76 
48 
75 
48 
75 
48 
76 
48 
75 
48 
75 
76 
75 


Ko.of 
biUet. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 


Time  in 
for- 
naoe. 


20 

30 
33 
85 
87 
38 
80 
40 
41 
43 
42 
40 
41 
42 
42 
40 
40 
41 
40 
88 


Heat  to  which 

billet  was  sab- 

Jeoted. 


JTimeofpak 
sMge  through 
I        rolls. 


Heat  at  which 
rod  left  roll. 


I 


Fall  yellow 

.  ..do 

— do ' 

do    ' 

Near  white.   . . 

do , 

do       

I«*ull  3'ellow I 

Near  white 

Fall  yellow | 

do I 

do ' 

do 

Yellow 

Full  yellow.        I 

..  do ' 

...  do 

Near  white 

Full  yellow.   .. 
do     


tit.   H. 

1  75 

1  30 

1  20 

1  24 

1  15 

I  12 

1  15 

1  10 

1  16 

1  15 

1  13 

1  18 

1  12 


i 
1 
1 

1 
1 
1 
1 


10 
18 
10 
10 
12 
10 
13 


Red  

I  Brijcht  red  . 

I  ■  •  •  •  Uw    *  •  ■  •  ■ 

I do 

;  Cherry 
'  Bright  red  . 
do 

Cherry  . 

Brlffhtred 

•    «   •  •  U"     ■    a    •  a    • 

Cherry 

Brish'tred  . 
Cherry  .     .. 

...do 

BHsht  red., 

...do , 

. .  do 

...do 

..do 

do   


Weiffht 

before 

rolling. 


Pound*. 
80.0 
78.2 
80. 1 
81.8 
80.7 
82.1 
79.2 
80.0 
80.1 
81.2 
80.0 
81.0 
81.0 
81.8 
79.8 
80.6 
79.5 
81.2 
80.8 
81.5 


Weight  '  Loss  of 
after     weight  in 
rolling,      heating. 


P<nmd$. 
78.0 
78.4 
78.0 
70.8 
78.8 
80.2 
77.15 
77.6 
77.0 
79.05 
77.9 
79.1 


78.9 

80.0    ; 

77.9 

79.0 

77.2 

79.1 

7a  5 

79.8 

Pound*. 
2.0 
1.8 
2.1 
1.6 
LO 
1.9 
2.06 
2.4 
2.2 
2.16 
2.1 
1.9 
2.1 
1.8 
1.4 
1.6 
2.8 
2.1 
2.8 
2.2 


vTlme  ooonpied  in  acquiring  fall  heat,  twenty-six  minutes.  Billet,  when  rolled,  of  uniform  beat. 
Slaat  on  most  of  time  fur  thirteen  minutes.  First  billet  white  on  side  nearest  the  fire ;  end  generally 
-vrblte ;  black  in  plaees  between  billets,  where  they  lie  close  together. 
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Lose  of  weight  due  to  piokling. 


i 


6 


1 

2 
3 

4 
5 
6 
7 
8 
9 
10 


Poufidf. 
77.9 
76.1 
77.6 
79.5 
7&4 
80.0 
76.8 
78.0 
77.7 
78.9 


sis 

o 
c 

OB 
O 



Pou 

weight.      I 

Pound*. 

ndt. 

77.6 

0.3 

75.5 

0.6 

7a  6 

l.l 

7a  6 

1.0 ; 

77.9 

0.5  1 

79.8 

0.2 

76,0 

0.8  1 

77.4 

0.6 

77.0 

0.7 

77.9 

1.0 

•»4 

i 

O 

o 


11 

12 
13 
14 
15 
16 
17 
18 
19 
20 


u 

*<_- 

9 

^•9 

"  «o 

ja 

:S^ 

;s.s:3 

-•3 

"Z  p« 

•2 

> 

^•5. 

•^ 

P<nind9. 

Poixmlf. 

Pounds. 

77.4 

76.8 

0.6 

78.8 

78.0 

0.8 

78.2 

7a  2 

0.0 

79.9 

7a  9 

1.0 

77.3 

77.0 

0.8 

78.9 

7a  e 

0.9 

77.1 

7a  4 

0.7 

79.0 

7a  2 

0.8 

78.2 

7a  0 

0.2 

78.9 

7a  3 

0.6 

Time  and  speed  of  draught. 


' 

First  draught 

1 

Second  draught. 

1 

'  Third  draught. 

1 

Fourth  draught. 

' 

Fifth  draught. 

Speed 

Speed 



1  Speed 

Speed 

Speed 

g 

Time. 

per 

Tiiii*?. 

por 

Time. 

per 

Time. 

]>er 

Time. 

per 

..^ 

secoDd. 

second 

second. 

second. 

second. 

1 

tn. 

«. 

Feet. 

7/1. 

8, 

Feet. 

m. 

c. 

'    Feet. 

m. 

if. 

FeH. 

m. 

_    _ 

Feet. 

1 



9 

30 

0.251 

9 

3 

,     0. 259 

15 

21 

0.  284 

17 

37 

0.292 

2 

11 

"  0 

0.394 

10 

25 

0.  245 

11 

32 

'     (1.274 

13 

51 

0.283 

17 

31 

0.274 

3 

6 

0 

0.  323 

12 

0 

0.226 

13 

4 

0. 251 

14 

34 

0.  3ti2 

17 

27 

0.297 

4 

7 

0 

0.362 

11 

45 

0.  238 

U 

53 

0.2h3 

15 

50 

0.2.'i8 

20 

4(. 

0.292  1 

5 

8 

30 

0.  259 

11 

5 

0.259 

11 

3 

0.274 

14 

20 

0. 302 

18 

28 

0.274 

6 

7 

45 

0.  274 

12 

15 

0.  251 

13 

26 

0.264 

16 

10 

0.  292 

21 

35 

0.302 

7 

7 

0 

0.  202 

9 

45 

0.  226 

12 

9 

0.244 

12 

51 

0.312 

17 

57 

0.274  ' 

8 

9 

0 

0.  224 

12 

30 

0.226 

12 

53 

0.259 

13- 

13 

0.312 

19 

31 

0.266  , 

9 

8 

0 

0.  26fi 

10 

47 

0.  251 

13 

11 

;     0.248 

12 

13 

0.323 

18 

47 

Q.-MXt 

10 

8 

0 

0.2ol 

12 

30 

0.  215 

II 

45 

0.323 

16 

7 

0.271 

20 

12 

0.283  ' 

11 

7 

30 

0.283 

10 

10 

0.  238 

13 

48 

0.232 

11 

39 

0.  302 

14 

46 

0.802  \ 

12 

8 

0 

0.  266 

12 

;i 

0. 2:12 

12 

15 

,     0. 226 

15 

1 

0. 274 

21 

40 

0.266  I 

13 

8 

45 

0.  23^ 

lu 

26 

0.238 

12 

0 

'     0.366 

16* 

21 

0.274 

18 

35 

0.283 

14 

9 

30 

0.  245 

10 

20 

0.274 

14 

g 

1     0.259 

14 

10 

0.  302 

18 

37 

0.292 

15 

10 

0 

0.  24.'i 

10 

31 

0.210 

13* 

15 

0.266 

14 

44 

0  312 

18 

46 

0.283  : 

16 

8 

45 

0.  232 

12 

26 

0.  219 

13 

35 

0.  2.35 

14 

46 

0.312 

16 

59 

0.823 

17 

7 

45 

0.266 

10 

25 

0.215 

13 

12 

0.259 

14 

29 

0.  302 

20 

24 

0.266  1 

18 

8 

30 

. 

10 

0 

0.259 

13 

36 

0.248 

14 

58 

0.  202 

20 

27 

0.283 

19 

7 

30 

0.238 

8 

50 

0.  238 

12 

12 

0.  259 

13 

26 

0.302 

15 

41 

0.288  ' 

20 

8 

0 

0.220 

10 

42 

0.  259 

12 

59 

0. 259 

14 

1 

0.  312 

20 

47 

0.238 

1 

The  times  of  draught  for  the  first  hole  are  uncorrected  for  stoppage,  which  amotmts  to  one-half  to  oae 
minute. 

The  speed  of  draught  was  not  always  uniform  throughout  the  draught  of  a  single  wire.  The  time 
given  was  taken  after  a  few  colls  were  on  the  drom,  b>  noting  the  time  of  a  single  revolution.  Dtaai- 
eter  of  drnm,  34f  inches. 
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Time  and  speed  of  draught — Continued. 


i 


!zi 


1 
3 
8 

4 

5 

6 

7 

8 

» 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 


Sixth  dnrnght.  Seventh  dranght.'  Eighth  draught. 


Time. 


m,    a, 

26    21 


Speed 

per    I  Time, 
second. 


FmL  ,  fn. 
0.271  ;  19 
0.292  ,  21 


a. 

60 
8 


25  18 

25  0 
24  17 
24  48 

22  49 
21  61 
27  15 

19  28 
24  49 

26  61 

20  1 
29  65 
24  45 
24  17  , 

24  7 ; 

23  38  • 
26  2 


0.802 
0.274 
0.302 
0.266 
0.292 

'0.283 
0.292 
0.292 
0.266 
0.283 
0.283 
0.293 
0.292 

6.'302  I 
0.302  I 


Speed 

per 

second. 


29 

27 

22 

15 

16 

65 

30 

38 

29 

16 

20 

40 

23 

12 

34 

16 

82 

0 

26 

21 

22 

1 

80 

1 

30 

•  ■  •  ■ 

30 

•  «  «  ■ 

21    46  i 
21    58 
30    24 


Circumference  of  drum,  9  065  feet 


Feet 
0.431 
0.453 
0.259 
0.302 
0.431 
0.431 
0.453 
0.292 
0.4dL 
0.802 
0.802 
0.266 
0.312 
0.431 
0.302 
0.292 
0.431 
0.431 
0.412 
0.812 


'  Speed 
Time.  '     per 
■  second. 


Ninth  draught. 


Tenth  draught. 


Time. 


m.    a. 

81     4 


28  24 
80  11 

27  85 

30  16 

29  'i6  ' 

29  5  , 

31  53  , 

30  55  i 
30  51 

28  30  ; 
28  41  I 

22  40 

23  4  I 

27  55  ! 

24  52 

28  7 
38  20 


Fut. 

0.412 

0.431 

0.412 

0.431 

0.431 

0.453 

0.412 

0.453 

0.431 

0.394 

0.394 

0.394 

0.412 

0.394 

0.412 

0.453 

0.412 

0.412 

0.412 

0.431 


Speed  I 

per       Time, 
second. 


m.  ff. 

"36*  18 

35  40 

36  46 
35  18  > 
35  89 
28  57 

35  25 

36  17 
38  52 
27  42 
38  12 
36  66 
35  46 

i  85  28 

I 

'si'  2i 


FaeL 

0.412 

0.487 

0.453 

0.431 

0.431 

0.431 

0.431 

0.481 

0.394 

0.481 

0.431 

0.431 

0.412 

0.453 

0.453 

6.'4i2' 

0.894 


Speed 

per 
second. 


tit.  a. 

39  12 

39  14 

40  42 

40  80 
39  6 

41  29 
37  49 
39  26 
48  56 
46  12 
30  57 
36  80 
41  26 


Faat. 

0.453 

0.463 

0.431 

0.431 

0.412 

0.481 

0.894 

0.463 

0.377 


31      0 

41  48 

47  15 

45  44  . 

43    4 ; 

40      3  , 


Table  showing  dimevbions  of  each  xHre  after  the  different  draughts. 


FIRST  DRAUGHT. 


[Assigned  standard,  0.445  incb.J 


0.431 
0.394 
0.453 
0.431 
0.412 
0.431 
0.377 
0.894 
0.412 
0.431 


t 


a 


1 
2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

90 


Front  end. 


Dimensions. 


Last  end. 


Difference  be* 
tween  ends. 


Rad.       Lat        Rad.       Lat        Rad.    ,    Lat. 


Inch.      Inch,    i  Ineh.   '  Inch.       Inch. 
.4395   .4415  1  .4405   .4425   .0010 


.4400 

.4423 

.4407 

.442.') 

.0007 

.4400 

.4425 

.4407 

.4430 

.0007  i 

.4407 

.4425 

.4415 

.4433 

.0008  ' 

.4405 

.44$» 

.4415 

.4485 

.0010  1 

.4405 

.4430 

.4415 

.4435 

.0010  , 

.4420 

.4440 

.4410 

.4430 

.0010 : 

.4410 

.4430 

.4416 

.4435 

.0005 

.4410 

.4482 

.4416 

.4440 

.0005 

.4408 

.4485 

.4420 

.4440 

.0012 

.4410 

.4486 

.4425 

.4445 

.0016 

.4415 

.4435 

.4426 

.4440 

.0010 

.4415 

.4436 

.4427 

.4445 

.0012 

.4420 

.4446 

.4420 

.4440 

.0000 

.4400 

.4406 

.4410 

.4413 

.0010 

.4406 

.4410 

.4410 

.4415 

.0004 

.4410 

.4420 

.4420 

.4430 

.0010 

.4415 

.4420 

.4420 

.4425 

.0005 

.4400 

.4405 

.4410 

.4415 

rooio 

.4410 

.4410 

.4415 

.4420 

.0005 

Jneh. 
.0010 
.0002 
.0005 
.0008 
.0010 
.0005 
.0010 
.0006 
.0008 
.0005 
.0010 
.0006 
.0016 
.0006 
.0010 
.0006 
.0016 
.0005 
.0016 
.0016 
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Table  showing  dimensions  of  eaoh  lolre  after  the  different  draughts — Continued. 

SECOND  DRAUGHT, 
f  ABsigned  standard,  0.3043  inch.] 


Dimenaions. 


I 
i 


Front  end. 


Laat  end. 


1 
2 
3. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Bad. 


.do. 

.do 

do. 

do. 

.do. 

do 


Inch. 

Beversed ;.     .3910 

do 3885 

do , :    .8838 

do I    .3883 

do .3852 

do 3828 

do 3863 

do 3850 

do 3843 

do    I    .3870 

do I    .3854 

do I    .3870 

do 3885 

do I    .3843 

.3870 
.3885 
.8835 
.8835 
.:i874 
.3886 


Lat   Kad. 


Inch.   I  Inch. 


.3905 
.3867 
.3835 
.3913 
.3870 
.3835 
.3850 
.3860 
.3843 
.3870 
.3865 
.3848 
.3875 
.8826 
.3852 
.3845 
.3860 
.3870 
.3873 
.3880 


.8916 
.8895 
.8806 
.3885 
.8860 
.3820 
.3870 
.8843 
.3850 
.8873 
.3865 
.8880 
.3895 
.3855 
.3875 
.3890 
.8850 
.3865 
,3875 
13890 


Lat. 


Inch. 

.8910 
.8880 
.8797 
.3925 
.3886 
.3895 
.3810 
.3865 
.8850 
.3880 
.3880 
.3860 
.3885 
.3840 
.3856 
.3870 
.3870 
.3883 
.3880 
.3894 


Difference  be- 
tween  ends. 


Bad.       Lat. 


Ineh. 

.0006 
.0010 
.0023 
.0002 
.0008 
.0008 
.0007 
.0007 
.0007 
.0003 
.0011 
.0010 
.0010 
.0012 
.0005 
.0006 
.0015 
.0030 
.0001 
.0005 


Ineh. 

.0005 
.0018 


.0012 

.0016 

.0060* 

.0040" 

.0005* 

.0007* 

.0010* 

.0016* 

.0012* 

.0010 

.OOU 

.0008* 

.0026* 

.0010 

.0018 

.0007 

.OOU 


THIBD  DBAITOHT. 


[Assi^ed  standard,  0.8494  inch.] 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 


Beversed. 
do... 


do 

do 

do 

do 

do 

do 

do 

do 

do 

Not  reversed . 
Beversed    . . . 

do 

do 

do 

do 

do 

do 

do 


.8425 
.8422 
.8405 
.8410 
.8420 
.8425 
.3434 
.3425 
.8396 
.3418 
.3420 
.3420 
.8430 
.8418 
.3410 
.3405 
.8390 
.3390 
.8435 
.3425 


.3430 

.8442 

.8435 

.0017 

.8420 

.3427 

.8427 

.0006 

.3420 

.8435 

.8482 

.0020 

.3416 

.3428 

.8425 

.0018 

.8405 

.3480 

.8416 

.0010 

.3407 

.3435 

.8416 

.0010 

.8412 

.3440 

.8419 

.0026 

.3405 

.3440 

.8420 

.0016 

.8380 

.8410 

.8390 

.0015 

.3428 

.3430 

.8426 

.0012 

.8422 

.8485 

.3482 

.0016 

.3428 

.8436 

.3438 

.0016 

.3428 

.3485 

.3448 

.0005 

.3410 

.3420 

.8418 

.0002 

.3412 

.3425 

.3425 

.0015 

.8416 

.8424 

.8418 

.0019 

.3388 

.3408 

.3400 

.0018 

.8386 

.8407 

.8306 

.0017 

.3428 

.8446 

.3437 

.0010 

.3425 

.8485 

.3432 

.0010 

.0006 

.0007 
.0012 
.0010 
.0010 


.0007 
.0016 
.0010 


.0010 

.0010 

.0090 

.0008 

.0013 

.0008* 

.6012 

.0010 

.0009* 

.0007 
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Table  showing  dimen9ions  of  taoh  wire  after  the  different  draughts — Continued. 

FOURTH  DEAUQHT. 
[Asaigned  standaxd,  0.309  7  inch.] 


1 

o 

I 

a 


I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 


I>ijmensiona. 


Reyened 

do 

do..:.... 

do 

do 

do 

do 

do 

Not  reversed . 

RoTemed 

dv 

do 

do 

Not  reversed . 

do 

Reversed 

.rdo 

, do 


.do. 
.do. 


1 
1 

Fron 

b  end. 
Lat. 

Last  end. 

Rad.   La . 

1 

,  Rad. 

1 

1 

,  IneJi. 

Inch. 

Inch 

Inch. 

.2890 

.8000 

.3018 

.8014 

.2975 

.2980 

.2985 

.2985 

.3024 

.3084 

.8038 

.8086 

.3005 

.8018 

.3026 

.8026 

.8298 

.8006 

.8024 

.8021 

.8004 

.3014 

.8020 

.8022 

.3035 

.3060 

.8040 

.8062 

.8000 

.8018 

.3020 

.3020 

.2998 

.3010 

.3015 

.3020 

.2980 

.2988 

.2978 

.2992 

.3006 

.8006 

.8005 

.8016 

.3030 

.8034 

.8043 

.8045 

.3039 

.3040 

.8045 

,8046 

.3080 

.8050 

.8042 

.8054 

.8000 

.8004 

.3010 

.8018 

.3005 

.3003 

.3012 

.3010 

.3010 

.3007 

.8025 

.8025 

.3010 

.8018 

.3020 

.3026 

.3026 

.3035 

.3040 

.8040 

.8035 

.3043 

.8040 

.3048 

Difference  be- 
tween ends. 


Rad.       Lat 


Inch. 

Inch. 

.0028 

.0014 

.0010 

.0006 

.0014 

.0003 

.0021 

.0008 

.0015 

.0016 

.0008 

.0006 

.0002 

.0020 

.0007 

.0017 

.0010* 

.0002 

.0004 

.0000 

.0010 

.0018 

.0011 

.0006 

.0006 

.0012 

.0004 

.0010 

.0009 

.0007 

.0007 

.0015 

.0018 

.0010 

.0007 

.0014 

.0005 

.0006 

.0006 

FIFTH  DRAUGHT. 


[Assigned  standard,  inches  0.2744.] 


1 

2 

8 

4 

•6 

6 

7 

8 

9 

10 

11 

18 

18 

14 

16 

16 

17 

18 

19 

20 


Reversed 
do... 


do 

do 

do 

do 

do 

Not  reversed. 

do 

Reversed 

Not  reversed. 

Reversed 

do 

Not  reversed. 

......do    

Reversed 

....  do 
Not  reversed . 

Reversed 

do 


.2678 

.2676 

.2680 

.2684 

.0007 

.2685 

.2635 

.2640 

.2645 

.0005 

.2670 

.2660 

.2680 

.2668 

.0010 

.2622 

.2680 

.2680 

2686 

.0008 

.2640 

.2680 

.2665 

.8642 

.0016 

.2640 

.2688 

.2650 

.2640 

.0010 

.2686 

.2632 

.2655 

.2645 

.0019 

.2626 

.2684 

.2686 

.2689 

.0010 

.2486 

.2490 

.2600 

.2500 

.0013 

.2640 

.2646 

.2660 

.2661 

.0020 

.2640 

.2641 

.2652 

.2646 

.0012 

.2642 

.2640 

.2667 

.2648 

.0015 

.2645 

.2640 

.2650 

.2644 

.0005 

.2650 

.2688 

.3658 

.2648 

.0008 

.2670 

.2665 

.2685 

.2675 

.0015 

.2678 

.2668 

.2688 

.2670 

.0005 

.2620 

.2625 

.2653 

.2636 

.0033 

.2640 

.2635 

.2650 

.2640 

.0010 

.2682 

.2625 

.2640 

.2630 

.0008 

.2634 

.2638 

.2645 

.2644 

.0011 

.0009 

.0010 

.0008 

.0006 

.0012 

.0007 

.0018 

.0006 

.0010* 

.0016 

.0004 

.0008 

.0004 

.0010 

.0010 

.0003 

.0011 

.0006 

.0006 

.0006 
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Table  ehotdng  the  dimensiona  of  each  tcire  after  the  different  draughts— ContinJied. 

SIXTH  DRAUGHT. 
[Assigned  standard,  inches  0.2482.] 


I 

i 


1 

2 
Z 

4 

6 

7 

8 

9 

10 


Beversed . 


Dimensions. 


Reversed 

do 

do 

do 

do 

do 

do  '    .2368 

Not  reversed '    .  2.340 


Inch. 
.2850 
.2350 
.2350 
.2335 
.2835 
.2845 
.2847 
.2344 


11  I  Reversed ,    .2345 


-do  I    .2348 

do 2344 

do ,    .2364 

do I    .2350 

do I    .2347 

.do '    .2365 


12,... 

13  ... 

14  ... 

15  ... 

16  |... 

17  ... 

18  ,  Not  reversed j    .2340  i 

19  I  Reversed ,    .2348 

20  do I  .2345 


Last  end. 


Inch. 
.2845 
.2853 
.2840 
.2340 
.2355 
.2343 
.2846 
.2352  ' 
.2366  , 
.2340 
.2350 
.2363 
.2350  ' 

.2350  ; 

.2362 
.2346 
.2352 
.2340 
.2342 
.2350 


Rad. 


Inch, 
.2365 
.2360 
.2365 
.2852 
.2365 
.2350 
.2360 
.2350 
.2375 
.2350 
.2358 
.2365 
.2354 
.2375 
.2364 
.2356 
.2370 
.2355 
.2360 
.2354 


Inch. 
.2854 
.2362  I 

.2850  I 

.2352  ' 

.2365 

.2350 

.2356 

.2860 

.2375 

.2348 

.2358 

.2368 

.2357 

.2360 

.2367 

.2356 

.2360 

.2350 

.2350 

.2358 


Difference  be* 
tween  ends. 


Rad. 


Inch. 
.0015 
.0010 
.0015 
.0017 
.0030 
.0005 
.0013 
.0006 
.0007 
.0010 
.0013 
.0017 
.0010 
.0011 
.  0014 
.0009 
.0005 
.0015 
.0012 
.0009 


IML 


Inch. 
.OOOf 
.0009 
.0010 
.0012 
.0010 
.0007 
.0010 
.0008 
.0009 
.0008 
.0006 
.0006 
.0007 
.0010 
.OOOS 
.0010 
.0008 
.0010 
.0008 
.0008 


SEVENTH  DRAUGHT. 


[Assigned  standard,  0.2155  inches.] 


1 

Reversed 

.2075 
.2085 
.2057 
.2060 
.2075 
.2070 
.2095 
.2074 
.2083 
.2095 
.2070 
.2060 
.2060 
.2084 
.2065 
.2087 
.2080 
.2076 
.2060 
.2065 

.2084 
.2093 
.2060 
.2062 
.2065 
.2066 
.2095 
.2080 
.2078 
.2086 
.2080 
.2065 
.2072 
.2080 
.2084 
.2080 
.2080 
.2071 
.2064 
.2064 

.2090 
.2090 
.2070 
.2073 
.2084 
.2075 
.2150 
.2077 
.2090 
.2085 
.2064 
.2065 
.2075 
.2085 
.2075 
.2096 
.2100 
.2082 
.2075 
.2065 
1 

.2095 
.2100 
.2070 
.2073 
.2080 
.2076 
.2100 
.2086 
.2085 
.2087 
.2075 
.2078 
.2080 
.2090 
.2088 
.2090 
.2092 
.2080 
.2073 
.2070 

.0015 
.0005 
.0018 
.0018 
.0009 
.0005 
.0065 
.0003 
.0007 
.0010 
.0006 
.0005 
.0016 
.0001 
.0010 
.0009 
.0020 
.0007 
.0016 
.0010 

.0009 

2 
8 
4 
5 
6 
7 

do 

do  

do • 

do 

do 

do 

.0007 
.0010 
.0011 

.oSis 

.0010 
.0006 

8 
0 

do 

do 

.0000 
.0007 

10 

do 

.0001 

11 

do 

.0006 

12 

do 

.0008 

18 

do 

.0008 

14 

do 

.0010 

16 

do 

.0004 

10 

do 

.0010 

17 

do 

.0012 

18 

do 

.0009 

19 

do 

.0009 

20 

do 

.0008 
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Table  showing  the  dimeneions  of  each  wire  after  the  different  draughts — Continued. 

[AMigned  staadard,  0.1910  inohea.] 


i 

I 
I 


1 

2 
8 

4 

6 

6 

7 

8 

0 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 


Dimonaions. 


Front  end. 


Beyened. 


Boveraed. 

do... 

do... 

do... 


NotravoTsed. 


Reveraad 

Not  reyeraed. 

Reveraed 

do 

do 

Not  roTeraed. 

Reyenad 

do 

do 

do 

do 


'  Inch. 

.1796 

.1802 

.1790 

.1790 

.1804 

.1750  ■ 

.1810  , 

. 1786  I 

.1785  I 

.1780 

.1805 

.1788 

.1805 

.1795 

.1778 

.1815 

.1808 

.1808  I 

.1812  I 

.1870 


Inch. 

.1805 

.1802 

.1800 

.1785 

.1794 

.1755 

.1816 

.1776 

.1778  I 

.1790  I 

.1800  I 

.1798  ' 

.1800 

.1785 

.1770 

.1815 

.1802 

.1804 

.1825 

.1866 


Laat  end. 


Bad.    I    Lat 


Ineh. 
.1806 
.1813 
.1795 
.1790 
.1825 
.1780 
.1815 


Ineh. 

.1818 
.1813 
.1808 
.1797 
.1815 
.1772 
.1820 


.1795 
.1700 
.1815 
.1795 
.1815 
.1808  • 
.1700  . 
.1832  I 
.  1818  ' 
.1820  I 
.1835 
.1828 


.1790 
.1798 
.1812 
.1805 
.1812 
.1794 
.1780 
.1825 
.1812 
.1816 
.1833 
.1825 


.0010 
.0010 
.0010 
.0007 
.0010 
.0013 
.0012 
.0017 
.0010 
.0012 
.0013 
.0042 


Differfinoe  be- 

tween enda. 

Bad. 
Ineh.   1 

Lat. 

Ineh, 

.0009 

.0013 

.0011 

.0011 

.0005 

.0008 

.0000 

.0012 

.0021  : 

.0021 

.0010 

.0017 

.0005 

.0004 

.0012 
.0008 
.0012 
.0007 
.0012 
.0009 
.0010 
.0010 
.0010 
.0012 
.0008 
.0041 


I 


NINTH  DBAT7QHT. 


fAaaigned  atandard,  0.1692  inohea.] 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

10 

17 

18 

19 

20 


Not  rayeraad. 
Beyeraad  — 

do 

do 

do 

do 

do 

do 

do 

Not  layeraad. 

Beveraed 

do 

......  do.... ••  • 

do 


Beyaraed. 

do... 

do... 


Beyaraed. 


.1600 

.1605 

.1505 

.1689 

.1585 

.1588 

.1677 

.1576 

.1687 

.1685 

.1610 

.1618 

.1593 

.1588 

.1575 

.1683 

.1570 

.1673 

.1583 

.1575 

.1685 

.1688 

.1574 

.1578 

.1583 

.1675 

.1690 

.1600 

.1506 

.1506 

.1501 

.1596 

.1667 

.1580 

.1606 

.1606 

.1671 

.1674 

.1606 
.1600 
.1660 
.1595 
.1595 
.1618 
.1620 
.1588 
.1682 
.1590 
.1695 
.1584 
.1590 
.1694 
.1606 
.1696 
.1680 
.1618 
.1678 


.1610 
.1600 
.1594 
.1592 
.1592 
.1620 
.1660 
.1503 
.1683 
.1685 
.1506 
.1587 
.1585 
.1620 
.1603 
.1606 
.1588 
.1616 
.1685 


.0005 
.0006 
.0004 
.0018 
.0008 
.0008 
.0027 
.0013 
.0012 
.0007 
.0010 
.0010 
.0007 
.0004 
.0009 
.0006 
.0013 
.0013 
.0007 


.0006 

.0011 

.0006 

.0016 

.0007* 

.0007 

.0062 

.0010 

.0010 

.0010 

.0008 

.0000 

.0010 

.0020 

.0008 

.0008 

.0008 

.0010 

.0011 
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Table  showing  dimenHona  of  each  wire  after  the  differemt  draughts — Continued. 

TENTH  DKAT7GHT. 
[B4»qniTed  sise,  0.16  inobea.! 


I 


J 

I 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Dlmensioiis. 


Front  end. 


Last  end. 


DUrerenoe  be* 
tween  ends. 


Beversed 

Not  reversed . 

do 

Keversed  

do 

do 


Revemed 

do 

do      .... 

Not  reversed. 

Beversed 

do 

do 

do  ..  .. 

do 

do 

do 

do . 

do 


Bad. 


Lat.       Bad.   '    Lat.       Bad.   ;    Lat 


Inch, 

Ineh. 

Inch. 

Inch. 

Inch. 

JiuA. 

.1490 

.1494 

.1496 

.1496 

.0006 

.0004 

.1488 

.1490 

.1495  1 

.1496 

.0007 

.0006 

.1490 

.1490 

.1495 ; 

.1495 

.0005 

.0006 

.1493 

.1490 

.1498  * 

.1492 

.0005 

.0006 

.1498 

.1492 

.1505 

.1500 

.0007 

.0006 

.1495 

.n89 

.1500 

.1490 

.0005 

.0011 

.1485 

.1478 

.1495 

.1485 

.0009 

.0007 

.1485 

.1488 

.1491  ' 

.1496 

.0006 

.0008 

.1490 

.1487 

.1494  , 

.1494 

.0004 

.0007 

.1491 

.1494 

.1493 

.1496 

.0002 

.0002 

.1490 

.1495 

.1498 

.1502 

.0008 

.0007 

.1500 

.1495 

.1501  ' 

.1502 

.0001 

.0007 

.1493 

.1494 

.1500  : 

.1500 

.0007 

.0006 

.1500 

.1495 

.1501 

.1502 

.0001 

.0007 

.1490 

.1496 

.1494 

.U'W2 

.0004 

.0006 

.1490 

.1492 

.1498 

.1501 

.0008 

.0009 

.1490 

.1485 

.1497  . 

.1488 

.0007 

.0008 

.1497 

.1487 

.1500 

.1491 

.0003 

.0004 

.1490 

.1483 

.1498 

.1489 

.0008 

.0006 

.1493 

.1493 

.1500 

.1500 

.0007 

.0007 

Tbe  n*ea8arements  in  tbe  foregoing  table  were  made  wltb  miorometer  calipers.  Wlien  a  wire  was 
drawn  withont  being  reversed,  it  was  generally  becaaee  there  was  no  point  at  the  end  to  be  drawn 
first  or  reversing.  There  was  but  one  plate  for  each  sixe  of  wire,  containing  from  three  to  eight  holes, 
according  to  the  sise  of  the  wire.  Tbe  same  hole  was  not  generally  need  twice  in  succession,  bnt  the 
plate  was  shifted.  Occasionally  it  was  necessary  to  stop  to  hammer  up  the  holes.  The  stars  at  the 
right  indicate  when  the  plate  was  hammered  up.  When  hammering  was  not  snfflcient  to  correct  tbe 
sise  of  hole  it  was  necessary  to  heat  the  plate  to  a  red  heat  and  hammer  it  or  batter  the  plate.  The 
dimensions  recorded  are  an  average  of  three  measurements,  taken  at  point  2  or  8  feet  from  eacb  end 
of  the  wire. 
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Angle  of  draught  and  diameltr  of  cott. 
Ul*      Fonrth.      FIflli.     i  Third,  's 


ill 


til 


ill 


Eighth. 

til 


NlDtli.  I 

ill 


..  3.e»  '  3.1 1; 

..3.148       6.4$! 


.  i'm  .as  41.6  [e. 

..42t  '■  3.e  4&5  I  S.l'4H 


4.t44i  a.1  W.S 


■  1 


i.8t3t,S.>48      ie.1431  S.iro.GS.1  41 

4143    !  S.l'  4A.6  !  4.a44  1.4'42     2.8  40.5  £ 

5.8431     S.g  4S.'S  I  T.145.5  1. 2 42. I>|  . 6  4S       I 

2.343       1.0  43.75  4.(461  2.643.51.139.52 

4.3  44       3.147.75  8,0,46  4. 1 40. 5  2.  B  38       3. 

3.142t     3.e'  44        8.1451  4     43.5 ....  40.5  4 

.,  '43    I  5.1  40        7.1M  *.l'41    '3.1  3»t     4 


2.6431  3.1   461  0.1451  ; 

3. 1 43  ,  3. 6'  40  5. 1  45 

3.445{  I  S.li  47  7.144.5 

0     47  1.3  54  0     43 


0.443.5 

4.141     3.0   ....|. 

4. 1 45     3.0  ;  37    -  . 

1        I        I 
0    154    kl   50    I  ' 

...<^  0  '44  1  ' 
1.343  LB  '....1. 
I.l|3>t  3.4  'S^ 


I  2.6331  I 
3. 3  32 


'Sixth  nod  third  ooIuiddb  Inserted  ia  revei'iad  order. 
Time  of  inmer«io»  0/  rod*  in  copper  eoaiing. 


15 
« 

s 

10 

Vambti  of  dnoght  BDb««qiim>t  to  eoaOag. 

S 

80 

36 
38 

i 

38 
21 

...  .. 

0 
8 

10 

1 

IS 

8 

IB 

'. 

16 
28 
IS 
40 
15 

1 

W 
U 

11 

3 

i 

3 

I 
11 

i 

i 

1 

1. 

'■5 

! 

8 

I 

0 

23 

10 
16 
13 

"ii' 

IS 

u 

'   10 

S 

\i 

1 

...... 
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SPECLaSL  NOTES. 

Brtaka  occurring  during  drawing. 

No.  11.  Point  broke  in  olamp  on  starting ;  second  draught. 

No.  14.  Point  broke  in  starting ;  second  draught. 

No.  15.  Point  broke  in  starting ;  second  draught. 

No.  11.  Point  broke  in  starting ;  third  drauf^ht. 

No.  8.  Point  broke  after  drawing  2  feet ;  third  draught. 

No.  9.  Point  broke  in  starting;  fourth  draught. 

No.  9.  Point  broke  after  drawing  7  feet :  fourth  draught.  (Cut  oif,  as  plate  was 
gouging  badly  on  the  under  side.) 

No.  10.  Point  broke  in  starting ;  fourth  draught. 

No.  11.  Broke  after  first  third  nad  been  drawn,  due  to  gouging  of  the  draw-plate } 
fourth  draught. 

No.  4.  Point  broke  in  starting ;  fourth  draught. 

No.  7.  Point  broke  in  starting ;  fourth  draught. 

No.  17.  Point  broke  in  startinoc ;  fourth  draught. 

No.  16.  Broke  after  two  feet  had  been  drawn,  fifth  draught. 

No.  8.  Point  broke  in  starting ;  seventh  draught. 

No.  11.  Point  broke  in  starting ;  eighth  draught. 

No.  13.  Point  broke  in  starting ;  eighth  draught. 

No.  15.  After  drawing  17  coils,  plate  was  found  to  be  gouging  under  side  of  wire 
and  they  wero  cut  off ;  eighth  draught. 

No.  7.  The  wire  broke  before  completing  the  draught,  seven  of  the  original  coils  being 
left.  The  fracturo  was  short  and  of  diamond  shape.  The  plate  had  been  scraping 
one  of  the  sides  at  the  comer  at  which  the  fracture  started.    Eighth  draught. 

No.  9.  For  the  first  half  of  the  draught  a  fine,  curling  thread  came  from  one  comer 
of  the  wire.  When  it  ceased  coming  a  sharp  corner  was  found  on  the  wire.  The 
shaving  was  due  to  a  crack  in  the  plate.  In  all  the  draughts  there  were  a  few  shav- 
ings produced  by  this  same  cause. 

There  was  considerable  vibration  in  the  drum  of  the  drawing  machine.  The  en- 
gine ran  at  a  speed  of  two  hundred  and  sixty  revolutions  per  minute  to  produoe  one 
revolution  of  the  drum  in  twenty-two  seconds. 

Near  the  close  of  the  test  it  was  discovered  that  the  axis  of  the  drum  was  not  paxallel 
with  the  plane  of  the  slide-rest  carrying  the  draw-plate.  There  is  a  difference  of  1^ 
between  tne  two  ends,  the  one  end  being  lower  than  the  other.  A  noticeable  cant  was 
produced  in  some  of  the  wire,  before  and  after  finishing,  by  lack  of  parallellam  be- 
tween the  sides  of  the  hole  in  the  draw-plate  and  the  plane  of  the  slide-rest.  This 
was  corrected  as  much  as  possible  in  the  finishing  draught  by  driving  wedges  under 
one  or  the  other  side  of  the  plate  until  it  was  Judged  that  the  wire  lay  rtraight  in 
the  drum. 

The  punches  used  by  the  workmen  were  their  private  property,  and  not  ground  to 
any  standard  of  taper. 

Three  punches  examined ;  assigned  value  of  taper,  0.2,  or  1  in  5 ;  values  of  three 

Snnches  examined,  0.1936,  —  0.14bH,  —0.1420;  --0.14H8  from  punch  used  for  ninth 
raught ;  the  others  from  punches  used  in  fifth  draught. 


Appendix  44. 


RSPOBT  SBOWING  THE  NATUBE  AND  FB00ME8S  OF  THE  WOBK  DONE 
FOR  THE  ORDNANCE  DEPARTMENT.  U.  8.  ARMY,  BY  THE  MID  VALE 
STEEL  COMPANY  DURING  THE  FISCAL  YEAR  ENDING  JUNE  30, 1885. 

Bt  Lxbut.  F.  £.  HoBBS,  Orpnanob  Dbpabtment. 

MiBYALs  Steel  Works^ 
Philadelphiaj  Pa.j  August  15, 1885. 

The  Chief  of  Obpnai^oe,  U.  S.  Abhy, 

Washinfftony  D.  0.  .* 

Sib  :  Complying  with  yopr  instmctions,  I  have  the  honor  to  snbinit 
the  following  report,  showing  the  nature  and  progress  of  the  work  done 
for  the  Ordnance  Department  by  the  Midvale  Steel  Company  daring 
the  fiscal  year  ending  Jane  30, 1885.* 

Daring  the  time  specified  the  Midvale  Steel  Company  continued  work 
Qjider  the  following  contracts  with  the  Department,  viz: 

(1)  Boiled  and  hammered  hoops  for  an  8inch  steel  breech-loading 
rifle. 

(2)  Forgings  for  the  breech  mechanism  of  12inch,  10-inch,  and  8-inch 
breech-los^ing  rifles,  and  casting  for  10-inch  rifle. 

(3)  Boiled  hoops  for  a  12-inch  breech-loading  rifle. 

(4)  Bings,  forgings,  and  castings  for  a  10-inch  steel  wire-wound 
breech-losMling  rifle. 

And  also  undertook  to  execute  the  following  contracts  or  orders  for 
Bteel  for  gun  construction,  viz : 

(5)  Forging  for  breech-bushing  for  12-inch  cast-iron  rifle. 

(6)  Forgings  for  fifty  steel  tubes,  breech  cups,  and  muzzle  collars  for 
8-inch  converted  rifles. 

(7)  Forgings  for  the  parts  of  twenty -five  3.2-inch  steel  breech-loading 
field  guns. 

(8)  Tube,  jacket,  and  trunnion  hoop  for  an  8-inch  steel  breech-load- 
ing rifie. 

(9)  Experimental  trunnion  hoop  for  an  8-inch  steel  breech-loading 
rifle. 

(10)  Forgings  and  castings  for  steel  shells. 

(11)  Forging  for  disk. 

At  this  date  those  numbered  1,  2,  3,  4,  5, 10,  and  11  are  oompleted| 
and  those  (numbered  6,  7,  8,  and  9  are  still  in  hand. 

*  Nearly  all  information  relative  to  mannfactnre  is  omitted  in  this  rej^ort,  as  the 
Midvale  Steel  Company  desire  that  all  details  of  this  nature  shall  be  considered  oon* 
fidential,  and  for  the  use  of  the  Department  only. 

4626  ORD ^29  449 


450  EEPOKT    OF    THE    CHIEF    OF    OEDNAKCfc. 

ROLLBD  AND  HAMMEEKD  HOOPS  FOE  AK  8-IKCH  STEEL  BBBEOH-LOID- 
INO  ELFLE. 

The  dimensions  of  these  hoops,  with  some  acconnt  of  their  manu- 
facture, and  snmmaries  of  the  results  of  the  teats  of  specimeus  taken 
from  them,  were  given  in  report  for  the  tiscal  year  ending  June  30,  ISM. 
There  remained  after  the  date  of  thut  report  but  little  to  be  done  to  com- 
plete tbia  contract.  The  results  of  the  tests  made  at  Wutertown  At- 
aenal,  other  than  those  given  in  the  report  for  1884,  will  befoand  below: 


'Xv^ 

No. 

I 

buide.. 
OaUide. 
ln*ld«... 
OuUlda. 

Ont^e.. 
Mlddl*. 


TGBOinaS  FOB  THE  BSEEOH  MECHANISM  OP  12-INOH,  lO-INOH,  AND 
8' INCH  BBEECH-LOADING  RIFLES,  AND  aABTlHO  FOB  lO-QtOH 
BIPLE. 

The  rongh-flnished  dimeoaions  of  these  forginfrs,  the  repaired  physical 
qualities  of  the  metal,  aud  summaries  of  the  results  of  the  tests  of  oe^ 
tain  specimens,  were  given  in  report  for  1884.  There  is  do  special  re- 
mark to  be  made  on  the  manufacture  of  these  forgings  other  thao 
that  in  piercing  the  8-inch  spindle  for  the  vent  cracks  were  discovered 
which  necessitated  its  condemnation.  i''i " 

The  results  obtained  in  tensile  tests  of  specimens  &om  the  8-iocIl 
breech-block  and  the  sleeve  casting  are  given  below. 

AmIU  of  ttntlU  tttlt  ofUmiMtiat  ipe^mmi  from  fwging  for  S-lnoA  irtoA  tloA 


•5 

— 

1 

Si 

iiii 

Ills 

^1 

ft 

at 

h 

I 

1 

i 

In. 

1 

1 

•s 

Pounit. 
4^000 

wlooo 

ituh. 

POMd*. 

S:!S 

.Mar 

.ISSB 

u.a 
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Mmmlta  of  ienMle  U»U  of  tangential  specimens  from  sJeeve-eaating  for  lO-intk  oasi4ron 

wound  rifle. 


SOLLED  HOOPS  FOB  12-INGH  BBEECH-LOABINa  BIFLE. 

The  rongh-flnished  dimensions  of  these  hoops,  specified  in  the  con- 
tract, were  as  follows: 


Number  of 

Interior.   Bxterior 

Length. 

hoopa. 

diameter. 

di*meter. 

Inches 

Inehes. 

A  vVWwOT* 

18 

m 

46A 

12 

8» 

11; 

8» 

4m 

n 

4S 

68* 

n 

4* 

58* 

13 

4MI 

m 

m 

The  physical  qualities  of  the  metal  to  be :  Elastic  limit,  51,000  ta 
60,000  ponnds  per  square  inch ;  tensile  strength,  96,000  to  105,000  pounds 
per  square  inch ;  elongation  after  rupture :  over  15  per  cent.,  as  deter- 
mined by  the  test  of  specimens  6  inches  long  between  shoulders  and 
0.564  of  an  inch  in  diameter.  The  treatment  to  be  that  already  pre- 
scribed by  the  Department  for  steel  for  ordnance  purpose,  i.  «.,  oil 
tempering  and  subsequent  partial  annealing. 

The  company  experienced  some  difficulty  in  the  manufacture  of  these 
hoops,  and  after  having  made  a  number  of  them,  found  that  they  had 
overestimated  the  rough-finished  length  which  could  be  obtained  using 
the  rolls  at  the  height  they  had  determined  upon  as  sufficient.  As  the 
work  had  by  that  time  proceeded  so  far  that  the  condemnation  of  all 
these  hoops  would  have  entailed  serious  financial  loss  on  the  company, 
they  requested  the  Department,  if  possible,  to  sochange  the  plan  of 
hooping  this  gun  as  to  enable  tbem  to  use  at  least  a  part  of  these  hoops, 
and  at  the  same  time  they  increased  the  height  of  the  rolls,  so  that  the 
remainder  of  the  hoops  to  be  subsequently  manufactured  would  certainly 
rough-finish  to  the  required  length. 

Under  date  of  Octol>er  25, 1884,  you  were  pleased,  in  view  of  the 
stated  facts  of  the  case,  and  desiring  to  accede  to  the  company's  request 
as  far  as  could  be  done  without  injury  to  the  plan  of  construction,  to  so 
modify  the  adopted  plan  of  hooping  the  gun  as  to  necessitate  the  con- 
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d^mnatioD  of  but  4  of  the  23  hoops  already  mannfactared  and  speci- 
fled  the  followiug  modified  rough-flnished  dimensions  for  the  hoops: 


Number  of 
hoops. 


10 
1 

1 
1 
1 
7 
1 
1 
1 
8 


Interior 
diameter. 


Exterior 
diBmeter. 


Length. 


Some  difficoltiy  was  also  experienced  in  obtaining  the  required  phys- 
ical qualities  of  the  metal,  and  retempering  and  reannealing  were  fre- 
qoenUy  resorted  to. 

The  probable  canse  of  this  difScnlty  was  a  less  thorough  working  of 
the  metal  than  had  been  obtained  in  the  case  of  the  8-inch  rifle  hoops, 
for  being  the  first  of  such  very  large,  thick,  and  heavy  hoops  mann- 
fi^tured  by  the  company,  thev  were  handled  cautiously  both  under  the 
hammer  and  at  the  rolls,  and  were  heated  frequently  and  to  quite  s 
high  temperature. 

With  the  plant  and  facilities  for  raanufactare  at  hand,  and  consider 
ing  the  size  of  the  hoops,  the  final  result  obtained  is  believed  to  be  veiy 
fair,  if  not  quite  ap  to  the  excellent  results  obtained  in  the  8-inch  hoops 
referred  to  above ;  the  hoops  were  manufactured  in  the  same  manner 
as  those  for  the  12-inch  muzzle-loading  rifled  mortar  and  the  rolled 
8-inch  steel  breech-loading  rifle  referred  to  in  report  for  1884.  Samma- 
ries  of  the  results  of  tests  made  at  Watertown  Arsenal  of  specimens 
from  these  hoops  are  given  below : 


Besults  of  tensile  teats  of  tangential  specimens  from  rolled  steel  hoops  for  12-iftdk 

loading  rifle. 

[Lenf^h  of  specimen,  0  inohee ;  eectional  area.  0.25  of  a  BQoare  inch.] 


*       Position  of  epeoimen. 


Inside.. 

Outside 

Inside.. 

Outside 

Inside.. 

Outside 

Middie. 

Inside  . 

Ontflide 

Middle. 

Inside.. 

Ontiiide 

Middle. 


S.2 


—  — _  — 

-  — 

Pounda. 

Inch. 

59.  000 

. 001933 

61,000 

.002133 

60.000 

.001967 

59.000 

.001883 

63,000 

.001767 

53,000 

.  001767 

47.000 

.001650 

48,000 

.001890 

47,000 

. 001400 

49,000 

.001567 

52.000 

.001783 

59.000 

.002033 

56,000 

.001833 

Paundt. 

107, 040 
109, 280 
107,200 
107, 120 
107. 840 
107, 240 
103,840 
90,020 
98,880 
102,560 
105,020 
112,000 
108,920 


Ineh. 
.185 
.145 
.150 
.150 
.105 
.1117 
.1117 
.1467 
.1338 
.11 

.r 

.1183 
.1388 


I 


Percent 
86.4 
8&4 

89.2 
8&4 
84.6 
24.6 
27.6 
41.0 
41.0 
86.4 
88.fi 
88.5 
4L0 


7.8432 


7 
7.8505 


28.  IT 


19.  a 


ia« 


t  Accepted  on  these  tests,  but  found  afterwards  to  be  soant  of  the  required  dimenaiona— a  new  hoop 
made  to  replace  it. 
1  New  hoop  An  not  accepted  on  these  tests. 
i  Not  aooepted  on  these  tests. 
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Re8um  of  tennle  tests  of  tangential  specimenSf  ^o. — Continued. 


I 
I 


Am 
Am 


As 
Am 


is: 

Alt. 

Au. 
Alt. 

Ax*. 


At  . 


Bi. 
Bi. 
Bi. 
Bi. 
Bi. 
Bi. 

Bi. 
Bt. 
Bt. 
Bt. 
Bt. 
Bt. 

Bt. 
Bt. 
Bt. 
Bt. 

Bii. 
Bii. 
Bii. 
Bii. 
Bii. 
Bu. 

Bx. 
Bx. 
Bz. 
Bx. 
Bx. 
Bx. 


•     I  Position  of  ap«eimen. 


1 

2 
8 

4 
5 

e 
1 

2 
8 

4 
5 
« 

1 
2 
8 
4 

5 

1 
2 
8 

4 
fi 
6 
7 
8 
9 
10 

1 
2 
8 
4 

6 

e 
1 

2 
8 

4 
5 

e 

1 

2 
8 

4 

1 
2 

8 

4 
5 
6 

1 
2 
8 

4 
5 
6 


Middle. 
....do. . 
— do.. 

do.. 

Inside.. 
Ontoide 


Middle. 
...do.. 
....do.. 

do.. 

Inside.. 
Outside 


Inside.. 
Ontside 
Inside. . 
Ontside 
Middle. 


Middle 

do. 

....  do . . 
....do. 


Inside.. 
Ontside 
Inside.. 
Ontside 
Middle. 
do.. 


Middle. 
....  do  . 
...  do.. 
. . . .do. . 
Inside  . 
Ontside 


Inside... 
Ontside 
Inside*. 
Ontsidd . 
Middle. 
....doi . . 


Inside. . 
Ontside 
Inside.. 
Outside 


Middle. 

do.. 

do.. 

— do.. 
Inside.. 
Ontside 


Middle. 
....do.. 

do.. 

. ...do. . 
Inside. . 
Ontside 


Founds. 
S7,000 
50,000 
55,000 
57,000 
65,000 
57.000 

54,000 
58,000 
50.000 
49,000 
52,000 
68,000 

34,000 
37,000 
65,000 
55,000 
58,000 

48,000 
40,000 
50.000 
40,000 
48,000 
40,000 
52.000 
53,000 
50,000 
40,000 

54.000 
51.000 
6^000 
48.000 
64,000 
54,000 

59,000 
61,000 
58,000 
60,000 
61,000 
50,000 

53,000 
54,000 
53,000 
53,000 

54,000 
55,000 
53.000 
53,000 
58,000 
57,000 

54,000 
53.000 
54,000 
52,000 
51,000 
53,000 


Inch. 
.002050 
.001950 
.001900 
.001900 
.002417 
.002238 

.001750 
.001717 
.001700 
.001638 
.0U1867 
.002100 

.001333 
.001367 
.002100 
.001888 
.001883 

.  001617 
.  001617 
.  001717 
.001700 
.001683 
.001783 
.001767 
.  001017 
.001700 
.001683 

.001867 
.001800 
.001988 
.001667 
.002850 
.001950 

.001988 
.002050 
.001900 
.001950 
.002133 
.001967 

.001867 
.001783 
.001850 
.001783 

.001767 
.001850 
.  001733 
.001717 
.  002183 
.002117 

.001750 
.  001717 
.001800 
.001667 
.001950 
.001967 


Pounds. 
107,600 
104,480 
106,400 
104,560 
111,800 
106.240 

105.600 
104.200 
101,200 
101. 280 
104,400 
102,000 

88,600 

88,000 

101,660 

107,160 

102,400 

100.240 
101.000 
102,280 
100,000 
102,280 
100. 640 
107.920 
106.000 
106^160 
105,600 

109,280 
101. 160 
108.200 
98.080 
114.600 
102,000 

100,560 
109,160 
108,200 
108,650 
112.  OOG 
109.440 

102.280 
104.080 
102,200 
102,240 

101,200 
104.400 
102.480 
101. 849 
107.000 
106,000 

104,320 
104,000 
106, 760 
105, 2ei0 
100,160 
105, 120 


Inch. 

.1417 

.1488 

.1267 

.1467 


.1488 

.1888 
.1617 
.1700 
.1517 
.1488 
.1888 

.1888 

.205 

.125 

.1283 

.1367 

.1567 

.1567 

.1600 

.1617 

.1667 

.1433 

.1267 

.1817 

.155 

.1483 

.1217 
.1483 
.1283 
.1488 
.1017 
.145 

.1538 
.1600 
.1560 
.1538 
.1838 
.145 

.1417 
.1600 
.1483 
.1683 

.160 

.1838 

.145 

.1483 

.1488 

.1588 

.1388 
.1267 
.1400 
.1433 
.1383 
.1517 


Percent 
36.4 
86.4 
83.6 
39.2 
41.9 
36.4 

80.6 
88.6 
86.4 
83.6 
88.6 
86.4 

89.2 
83.6 
88.6 
80.0 
83.6 

89.2 
39.2 
36.4 
39.2 
88.6 
86.4 
27.6 
80.6 
80.6 
80.6 

80.6 
86L4 
80.6 
41.9 
27.6 
41.9 

89.2 

41.9 
89.2 
4L0 
86.4 
89.2 

41.9 
36.4 
89.2 
89.2 

89.2 
88.6 
36.4 
86.4 
88.6 
83.6 

86.4 
86.4 
83.6 
86.4 
89.2 
83.6 


1 

1 

QQ 


7.8577 

28.08 

7.8588 

2187 

7.8676 

14.9 

7.8682 

19.81 

7.8548 

19l81 

'7.8581 

20.86 

7.8616 

22.89 

7.8568 

22.64 

7.86U 

22L14 

7.8664 

21.64 

7.8682 

21.62 

*  Vol  accepted  on  these  results ;  retempered  and  annealed. 
$  Not  accepted  on  these  tests. 
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MetultB  of  oompresnon  teats  of  tangential  apeoimens  from  roUed  eteel  hooj^  for  UNrA 

breech-loading  rifle. 


Specimen. 

1 

Position. 

Middle... 

..  do 

Inside  — 
Ontaide . . . 

Dimensions. 

Elasflo  limit  per 
square  inch  of 
original  section. 

Compression    per 
inoD  nnder  strain 
at  elastic  limit. 

XTltlmate  strength 
persouare  inch 

•  of  original  sec- 
tion. 

|b 

1 

• 

t 
1 

M 

Inch. 
12 

12 
12 
12 

1 
1 

JL^ .... 
Bx.... 
Bx.... 
Bii.... 

7 
7 
8 

7 

Inch. 
1.120 
1.120 
1.120 
1.120 

Poundt. 
58,000 
64,000 
64,000 
64,000 

Inch. 
.001080 
.001720 
.001720 
.001870 

Poufuls. 
65.250 
65,460 
63,850 
68.200 

Seetlonal  az«a,  1  sqaare  inoh. 

Meiulte  of  eompreeeion  teats  of  radial  apedmena  from  rolled  hoopa  for  IS-tnoft 

loading  riflea. 


Beotional  areai  0.2  of  a^sqnaxe  inch. 


Specimen. 

Inch. 

4 
4 
4 
4 

• 

Ultimate  strenfirtb 
per  sqaare  inch 
of  original  sec- 
tion. 

From  hoop 
marked— 

1 

8 

0 

10 

0 

A... 
Bx.... 
Bx.... 
Bii.... 

Inch. 
0.605 
0.606 
0.505 
0.506 

78,020 
60,080 
66.270 
68,450 

BINGS,  FOBaiNGSy  AND    CASTING   FOR    10-INOH    STEEL   WIES-W0X7in> 

BREECH-LOADING  RIFLE. 

Under  this  contract  the  company  were  required  to  deliver  12  rings,  1 
breech-block,  1  spindle,  1  lever,  and  1  cylinder  (sleeve  casting),  the 
rough-finished  dimensions  being  as  follows : 


Dimenaiona  of  hoopa. 


Ko.of 

Interior 

Exterior 

Length. 
In^ea. 

Boiled  or 

hoops. 

diameter. 

diameter. 

hammered. 

Inehea. 

Inchca 

28 

Sli 

lA 

BoUed. 

224 

20i 

Do. 

2rt 

35 

g^ 

Do. 

16| 

25 

IJL 

Hammered. 

18i 

25 

6; 

Do. 

18| 

23jV 

H 

Do. 

12A 

16& 

1 

Da 

12^ 

22; 

16| 

5 

Do. 

86H 

5: 

Do. 

22H 

sol 

1 

Do. 

1 
1                    * 

aefl 

lA 

Do. 

1 

24 

J2H4    7 

4H 

Do. 

1 
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DiiMHsionB  of  other  forgiftg$  and  catting. 


Nature  of  piece. 


C^lloder  eaeUng 
Breeeh-blook 

Bplndle 

liSTer 


Interior 
diameter. 


Inehst. 
30.25 
2.6 


Phygieal  qualities  of  the  metal. 


Exterior 
diameter. 


{ 


Inehss. 
83.6 
14.25 
12.25 
4.25 
18.6 


Length. 


InehM. 
84.76 
20 

8.76 
24 

1.126 


Vature  of  piece. 


lUnga 


•block  and  spindle. 


BleeTe  casting. 


Blastio  limit. 


66,000  pounds  per 
square  loch;  varia- 
tioD  allowed  ±  4.600 
pounds  per  square 
incb. 

50,  OuO  to  56, 000  pounds 
per  square  inch. 


40,000  to  45.000  pounds 
per  square  inch. 


Tensile  strength. 


100,800  pounds  per 
square  inch;  varia- 
tion allowed  ±  4,500 
{»ounds  per  square 
noh. 

108,000  to  112,000 
pounds  per  square 
inch. 

80,640  pounds  per 
square  ioch. 

90,000  to  108,000  pounds 
per  square  in<Mi. 


Elongation  after 
rupture. 


Over  16  per  oenl 


Over  12  per  ceai. 

Over  20  per  oeni. 
At  least  10  per  oenl 


No  special  commeDt  can  be  made  on  the  manafactnre  of  these  parts 
for  a  10-inch  steel  wire-wound  rifle.  Much  difficulty  was  experienced 
in  getting  satisfactory  tests  from  one  of  the  rolled  hoops  and  also  in 
obtainiug  a  satisfactory  sleeve  casting,  but  otherwise  the  work  pro- 
gressed rapidly,  satisfactorily,  and  without  incident.  Summaries  of  the 
results  obtained  &om  the  tests  of  specimens  from  these  forgings  are 
given  below : 

MenUte  of  teneile  teste  of  tangential  specimens  from  hoops  for  lO-inch  steel  wire-wottrnd 

breech-loading  rifle. 


• 

s 

1 

1 

■a 

m 

^ 

% 

1 

1 

i 

s 

to 

to 

1 

2 

8 

1 

2 

8 

4 

1 

2 

8 

7 

8 

9 

10 

11 

12 

^        Position  of  specimen. 


Middle. 

Middle. 

Middle. 

Middle* 

Middle* 

Middle* 

Middlet. 

Middlet 

Miitdlet 

Middlet 

In»>ide* 

Outside' 

Middle* 

Inside  . 

Outside 

Middle. 


In. 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


Pounds. 
65,000 
53,000 
56.000 
49.000 
47.000 
48,000 
45,000 
49.000 
45.000 
48.000 
45.000 
49.000 
47.000 
61,000 
65.000 
53,000 


Ifteh. 
.001800 
.001783 
.001867 
.001617 
.001.*^ 
.001600 
.001683 
.001567 
.001467 
.001583 
.001417 
.001683 
.001583 
.002083 
.O02'>00 
.  0U1800 


p.'d 


Pounds. 

101. 120 

101, 840 

108.200 

97,800 

95,840 

97,040 

100.280 

99.880 

95,200 

100,000 

100,480 

105.880 

101.560 

114,000 

117, 680 

108.000 


•§ 


I. 


Inch. 

.165 

.1467 

.155 

.1583 

.1633 

.1733 

.1483 

.145 

.1517 

.1600 

.1467 

.1217 

.12 

.125 

.1133 

.1117 


i 


Per 


cent 
41.9 
86.4 
89.2 
89.2 
86L4 
89.2 
80.6 
30.6 
41.9 
36.4 
80.6 
27.6 
27.6 
36.4 
80.6 
33.5 


1 

I 


7.8671 


7. 


7.8508 
7.8657 


7.8687 


22.12 


20.01 


20.47 
20.26 


22L02 


*  Mot  accepted  on  these  tesU  {  retreated. 


t  Not  accepted ;  another  hoop  made  to  replace  Ik 
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Meiults  of  tensile  teste  of  tangential  speoimens  from  sleeve  easting  for  lO-ineksleA 

woand  breech- loading  rifle. 

[Length  of  specimen.  3  inches.    Sectional  area,  0.25  of  a  square  inch.l 


m 

"8 

i 

1 

2 
8 

Blastic  limit  per 
square  inch  of 
original  sec- 
tion. 

1^  ^  • 
Ills 

Tensile  strengUi 
pel  saaareinoh 
of  original  sec- 
tion. 

Elongation  per 
inch  after  rapt- 
ure. 

t 

Bedaction   in 
area  after  rapt- 
are. 

1 
1 

i 

a 
1 

Peundt. 
55,000 
57.000 
66,000 

Inch. 
.002000 
.001900 
.001867 

Ptnmdt. 
104. 120 
102,000 
101, 720 

Inch. 
.1367 
.1533 
.1667 

Per  unt 
24.6 
27.6 
83.5 

7.8411 

15.83 

FOBOINa  FOR  BREECH  BUSHINa  FOR  12-INOH  OAST-IRON  RIFLB. 

This  forgipg  was  reqaired  to  be  24.25  inches  exterior  diameter,  14.75 
inches  interior  diameter,  24  inches  long,  rongh-finished  dimensions.  It 
was  forged  and  treated  in  the  same  manner  as  a  gun-hoop.  Specimens 
cnt  from  one  end  showed  the  following  physical  qualities : 


« 

6 


1 
2 


I 


In. 


8 
8 


Pound§. 
55.000 
57.000 


'   ^  ^  A 
a  o  b  o 

I.91S-S 


Inches. 
.001767 
.002167 


irig 


Potindt. 
102,800 
102,480 


^3  0 

W 


Jneft«t. 
.1867 
.1933 


o  fe 


§1 


I 


Percent 
86.4 
80.2 


7.85SB 


i 

a 
1 


2L89 


FORGINOS  FOR  FIFTY  TUBES,  BREECH  CUPS,  AND  MUZZLE  COLLARS 

FOR  8-INCH  CONVERTED  RIFLES. 

These  forgings  are  required  of  the  following  dimensions : 


Natnre  of  piece. 


Tabe 

Breech  cap 

Mazsle  collar. . . 


Exterior 
diameter. 

Inehrt. 
18.375 

as 

18.75 

Interior 
diameter. 

Inehet, 
7.625 

11.26 

Length. 

Inches. 
124 
7 
6.5 

Remarks. 


Boagh  finished. 
Roagh  forging. 
Rough  finishM. 


The  mean  physical  qualities  of  the  tube  and  breech  cup  to  be :  Elas- 
tic limit,  38,000  pounds  per  square  inch ;  tensile  strength,  80,000  pounds 
per  square  inch ;  elongation  after  rupture,  22  to  26  percent.;  redaction 
of  area,  20  per  cent.;  but  the  results  of  no  one  specimen  to  be  below 
elastic  limit,  35,000  pounds  per  square  inch ;  tensile  strength^  75,000 
pounds  per  square  inch ;  elongation  after  rupture,  20  per  cent. 

The  forgings  for  the  tube  were  required  to  be  of  open-hearth  steel, 
firom  ingots  weighing  about  twice  as  much,  and  having  a  sectional  area 
about  four  times  as  great  as  the  solid  forging,  and  to  be  from  the  lower 
part  of  the  ingots.  The  rough  finished  tubes  and  the  rough  forgings 
for  breech  cups  to  be  oil  tempered  and  afterwards  annealed.    The  tnbe 
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forgiogs  were  made  from  infrots  25  iQcbes  square  id  crose-eection  by 
aboat  &0  itiubes  high,  weighing  about  11,0(10  pounds  each.  The  forg- 
logs  were  tested  by  tbe  Midvate  Bleel  Company,  and  then  Bent  to 
another  firm  to  be  rough  turued  and  bored,  the  company  not  having 
the  facilities  for  this  kind  of  work  ;  on  their  return  they  were  oil  tem- 
pered and  annealed,  and  the  required  test  specimens  cat  from  the  ends. 
The  treatment  required,  oil  tempering  and  annealing,  differs  from  the 
treatment  to  which  the  first  tube  manufactured  by  this  company  was 
flnbjected,  viz,  simple  annealing;  the  specifications  under  the  adver- 
tisement asking  for  bids  for  these  tubes  allowed  the  manufacturers  to 
state  the  price  for  either  oil  t«mpered  and  annealed  or  simple  an- 
nealed forgings,  having  the  physical  qaalities  specifled.  , 

This  company,  to  whom  the  contract  was  awarded,  bid  only  on  oil 
tempered  and  annealed  forgings,  believing  that  each  treatment  would 
give  them  a  better  control  over  the  metal.  Up  to  this  date  flfty-siz 
tubes  have  been  forged,  of  which  twenty-seven  have  been  accepted  as 
to  physical  qualities  and  six  have  been  rejected ;  the  rejections  have 
been  principally  on  account  of  local  defects  at  the  ends  of  the  tubea. 
Three  specimens  are  tested  from  each  end  of  each  tube,  so  the  total  num- 
ber of  tests  made  is  quite  large.  Summaries  of  the  results  obtained 
£rom  several  of  both  the  accepted  and  rejected  tubes  are  given  below 
as  examples. 
BtmttU  of  teiMfb  foafa  of  tamgetA\al  wpttAmeti*  ftvm  «ni*  of  UAm  for  S-iiuA  emverted  r^U*. 

ILaisUi  of  aptdoMD.  3  InchM  i  moCIoiuI  krek.  0.2S  of  k  aqnut  iDoh.) 


T.gSM 

1S.M 

T.M42 

H.S8 

7.  MM 

11.  U 

T.am 

H.« 

T.K39 

^4. 

T.UM 

li« 

7.BSM 

1S.M 

T.BSia 
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SetnU*  0/ lemMe  ttit*  of  tangential  ipedment  from  «adt  o/tnb«i,  ^ — CoDtinaed. 
(Length  of  •ptoimeu,  B  Inchu :  HoUoiuJwea,  O.SSof  kiqiuintneh.] 


n 

n 


II. 
Hi 

3  S3 


InildB  ... 

loalde  '.". 

ImMo. '.'.'.' 
OuUlde  . . . 

....do..!" 

iDsld*.    ... 

Ooittda  . . . 
HlddlB . . . 
Inside.... 
Oulilde  ... 
UUdle... 

Inside... 

ln«ide  .'.'. 
OuUide... 

Inside... 

Uiildle.!! 
Inside.... 
OaUlds  ... 
Middle... 

Inslds..... 

Middle.!!' 
Inslds  .. 
Oaulds  . . 

Inslds  ... 
OnMlds... 
Middle... 
Inslds.... 

Middle..! 

Inside.... 

Middle  !! 

...do 

Oolnlde  !!. 
Middle.... 
iDtids  .... 

Middle.!!! 

Outilde!!! 

Middle..  . 

loaide 

Outside  . .. 
Middle . . . . 


01  aoeepted  os  thoee  tests. 


r.'.MO 


73,120 
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The  mnzzle  collars  were  manafactored  like  gun  hoops,  except  that 
after  forging  they  were  uot  treated  in  oil,  but  caused  to  cool  slowly; 
they  were  then  tested  by  the  Mid  vale  Steel  Company  under  the  super- 
vision of  an  inspector,  and,  if  satisfactory,  then  accepted  and  rough 
finished. 

The  following  are  some  of  the  results  of  tests:* 


per 
nipt* 

"1 

hi 

^W?3 

S-9 

InehM, 

jS-*" 

Poyndt. 

PereenL 

M.355 

.16 

20.75 

84.882 

.17 

23.87 

66.355 

.215 

86.25 

84,  Ml 

.225 

86L64 

83.037 

.21 

81 

88,276 

.185 

84.91 

84.083 

.20 

29.72 

85.651 

.21 

29.10 

85.219 

.19 

34 

85,787 

.23 

37.52 

FOBGINGS  FOB  THE  PABTS  OF  TWENTY -FIVE  3.2-INCH  STEEL  BBEBOH- 

L.OADING  FIELD  GIJNS. 

These  parts  consist  of  tube,  jacket,  sleeve,  base  ring,. key  ring,  breech 
block,  obturator  stem,  lever  handle,  carrier  ring,  gas-checking  ring,  nnt| 
and  trunnion  hoop,  of  the  following  rough-finished  dimensions: 


Vatareofpleoe. 


Tube 

Jacket 

Base  ring 

SleeTe 

Key  ring 

Carrier  ring — 
Oaa-cheoknnc. 

Vnl •. 

Breech  bloclc... 
Tnimion  bod^. 


Obtnrator  atem 


Interior 
diameter. 


JimAm. 
2.75 
5.25 
8.6 
5.125 
4  875 
4.25 
2.5 


0.5 
6.125 


Exterior 
diameter. 


{ 


IneKe$, 
e.25 
9.875 
6.625 
6.08 
6.75 
7 

3.75 
1.5 
4.75 
0.4 
4 

1.76 
1.126 


Length. 


InekB$, 
86.5 
28.8 
4.25 
18.7 
8.25 
1.6 
0  0 
1 

6.75 
9.1 
0.9 
1.6 
6.66 


1 


Bemarka. 


With  projection. 


With  projeotlona. 
With  rim  baaea  and 


To  be  forgings  of  open-hearth  steel,  oil  tempered  and  afterward  an- 
nealed, and  to  have  the  following  physical  qualities: 


Tnbe 


Blaatlo  limit,  42,000  ponnda  per]  ^^  |^^ 
aqnare  Inch.  ^  ^  S"  o  i 

Tennile  atrenjcth,  «««"  wnnnji.!  sZn-^.i 
per  aqnare  inch. 

Elongation  after 


Jaakei,aleeTe,  breech 
block,   baee 
and    other 
Ibfginga. 


cent. 

Elaatlo 
aqnare 


,www    trv-»»»  *^    J  5  ^  5. 

I,  88,000  pounds  iljS'^l 
:  mptnre,20  per(  ©^gal 

Jh 

limit,  60,000  ponnda  per]  ."^  l*^ 
reecn        sqniirelnch.  I^'SbO  ■ 

ring.  J  Tensile  strength,  06.000  ponnds  I  g  J  •  *^  li  . 
anuull     per  sqoare  inch.  \9     §  g  o 

I  Elongation  after  mptnre,  18  per    «^  o  gs 


f Elastic  limit,  48,000  ponnds  per]  ^  ^ 
I     square  Inch.  I  *. .»  e« 


I     square  men.  |.t;^Sroi        square  inch. 

v...^.         J  Tensile  streogtb,  05,000  pounds  I  5  J  o  *^  J.  J  Tensile  streneth,  85,000  ponada 
hoop....<     per  squsrt»  inch.  f?     SsSl  * 


Elastic  limit.  86,000  ponnda  per 

square  inch. 
Tensile  strength,  80,000  ponnda 

per  aqnare  inch. 
Elongation  after  mptnie,  12  per 

centb 

Elaatic  limiti  46,000  ponnda  per 

aqnare  inch. 
Tenaile  streniEth,  88,000  ponada 

per  square  inch. 
Elongation  after  mptnie,  15  per 

cent. 

Elastic  limit,  43,000  ponnda  per 


I     per  squsre 

I  Elongation  after  mptnre,  15  per 
cent. 


I 


)C  o  o  • 
•  ja  e  s 
H 


Xi 


per  square  inch. 
Elongation  after  rupture,  12 
cent. 


*  Length  of  speoitnen,  2  inches;  sectional  area,  0.2  of  a  square  inch. 
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The  forgings,  with  the  exception  of  the  tube  and  trnnnicm  hoop,  ireie 
made  in  the  same  manner  a8  those  for  an  experimental  3.2  inch  steel 
breech-loading  field  gnn,  described  in  report  for  1884.  The  tabes,  like 
the  other  parts,  were  to  be  oil  tempered  and  afterward  annealed,  in- 
stead of  simply  annealed  as  in  the  case  of  the  experimental  gnn,  this 
change  being  made  with  the  expectation  of  obtaining  more  aniform 
metal  of  the  desired  ph^^sical  qualities.  The  trnnnion  hoops  arefo^ 
gings  instead  of  being  castings,  as  for  the  experimental  gnn,  this  change 
also  being  made  in  the  expectation  of  obtaining  better  metal. 

Up  to  the  present  time  bat  few  of  these  forgings  have  been  completed 
and  submitted  for  test  by  the  Department;  the  work,  however,  is  in  a 
forward  state  of  completion.  The  results  of  the  tests  of  sach  of  these 
forgings  as  have  been  completed  are  given  below : 

Me9ulis  of  tensile  tetits  of  tangential  specimetie  from  forgings  for  the  par  1$  of  3.!iMiuA  stsd 

hreedi'loading  field  guns. 

[Length  of  apecimen,  2  inches;  sectional  area,  0.2  of  a  sqnare  inch.] 


'TTatare  of  piece. 


Jacket. . . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sleeve . . . 

Do 

Do 

Do 

Base  rins 

Do..... 

Do 

Do 

Do 

Do 


I 


1 

1 

2 

2 

♦8 

♦8 

*4 

*4 

*5 

*5 

6 

6 

*7 

*7 

•8 

*8 

*» 

*9 

1 

6 

10 

15 

1 

5 

10 

15 

20 

25 


1 

r 

|i| 

Pounds. 

Bloneation  per  inch 
under    strain    at 
eUMtio  Umit 

Inehes. 

1 

62,000 

.001600 

2 

60,000 

.001500 

1 

eo,ooo 

.002500 

2 

57,000 

.001850 

1 

00,000 

.002400 

2 

57,000 

.002500 

1 

59.000 

.001800 

2 

52,000 

.001750 

1 

56.000 

.001060 

2 

50.000 

.002030 

1 

48,000 

.  001400 

2 

48,000 

.001700 

1 

46,000 

.001650 

2 

45,000 

.001750 

1 

46.000 

.001550 

2 

45,000 

.001350 

1 

50.000 

.001700 

2 

48,000 

.001550 

1 

61,000 

.002100 

1 

56,000 

.001950 

1 

55,000 

.001800 

1 

50,000 

.002000 

1 

52, 000 

.001850 

1 

67.000 

.001900 

1 

53,000 

.001750 

1 

57,000 

.  0U1900 

1 

59,000 

.002150 

1 

47,000 

.001500 

1-9 1 

Isl 

111 

4}  •  o 

H 


Pounds. 

90,100 

05,000 

106,000 

90,400 

107,300 

107,250 

104.100 

104,000 

109,000 

100,000 

94,450 

94,750 

93,050 

90,500 

91,400 

94,000 

98,750 

99,600 

109,500 

106.500 

105,000 

110,000 

103,550 

110.500 

102,900 

100,  ono 

107. 750 

102,900 


Inches. 
.20 
.165 
.165 
.185 
.180 
.150 
.105 
.180 
.195 
.185 
.210 
.215 
.215 
.285 
.245 
.175 
.175 
.125 
.205 
.ISO 
.185 
.155 
.19 
.15 
.17 
.195 
.165 
.19 


g 

d  0 

^ 

1 

TJ  k4 

o 

1^ 

« 

Peree$U. 

40.5 

7.8805 

24.0 
80.5 

■fflfei' 

43.5 
18.2 

7.8500 

23.9 

1S.5 

7.8066 

17.0 

•  «  a  •  •  • 

37.1 

7.8750 

2a5 

43.8 

7.8808 

46.2 

43.8 

7,  Urn 

80.9 
87.1 

7.8894 

27.4 
87.1 

7.8641 

5.7 

40.8 

7.8621 

80l7 

7.88Z7 

84.0 

7.8686 

80.7 

7.8656 

80.7 

7.8978 

23.9 

7.8867 

84 

7.8646 

80.7 

7.8628 

84.0 

7.8616 

80.7 

7.8872 

*  Not  accepted  on  these  tests. 
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BtnMjuf  oompreMum  U$U  qf  tangefnUal  meoimen9  from  fargings far  tkeparU  of  Z.it'imck 

steel  breeoh'fo€uUng  field  gune, 

(Lnctl^  ef  gpedinwi,  4.6  iBohM ;  teotional  anft,  0.5  of  »  square  inch.] 


Vatanof  piiM«. 


Jaekek 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Bate  ring 

Do* 

Do 

Do 

Do 

Do 

Obtoralor  ttoin 

Do 

Do 

Do 

Do 

Do 


i 

Pi 


1 

2 
8 

4 
5 

e 

7 

8 

9 

1 

6 

10 

16 

20 

26 

1 

6 

10 

15 

20 


I 


8 

8 
8 
8 
8 
8 
8 
3 
8 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 


I 


la 


Pimndt. 
48,000 
54.000 
60. 000 
68,000 
64,000 
60,000 
48,000 
42,000 
64.000 
49.000 
67,000 
59.000 
59.000 
6t,000 
60,000 
69,000 
60.000 
78.000 
67.000 
03.000 
06,000 


JfM*. 

.001000 
.001860 
.001960 
.001050 
.001900 
.001600 
.001600 
.001800 
.002000 
.001400 
.001800 
.001800 
.001800 
.001600 
.001600 
.001800 
.001760 
.002400 
.001800 
.002100 
.002800 


1 


Hi 


Peundt. 

95^800 

100«100 

106,800 

104.000 

99,800 

95^200 

90,200 

89,000 

94,800 

101, 100 

108.480 

106,800 

100.840 

100.900 

96,900 

100.400 

110,900 

110, 760 

104,480 

118, 160 

112,100 


TUBE,  JACKET,  AND  TBX7NNI0N  HOOP  FOB  AN  8-INCH  STEEL  BBEECH- 

LOABlNa  BIFLE. 


On  the  Ist  of  November  last,  you  forwarded  to  the  Midvale  Steel 
Company  a  circular  letter  iDclosing  drawiDgs  giving  the  dimensions  of 
the  tnbeSy  jackets,  and  trunnion  hoops  for  8-inch  and  10  inch  steel 
breech-loading  rifles,  asking  the  price  per  pound  at  which  rough-finished 
forgings  of  the  dimensions  given  could  be  furnished,  and  what  time 
would  be  required  to  deliver  one  set  of  each;  on  the  15th  of  November 
the  Midvale  Steel  Company,  acknowledging  receipt  of  this  letter,  in- 
vited attention  to  the  fact  that  they  were  engaged  in  adding,  to  their 
plant,  and  would  shortly  be  able  to  furnish  all  the  parts  of  an  8inch 
steel  rifle,  and  were  very  desirous  at  some  future  date  of  attempting 
the  manufacture,  if  the  Department  would  furnish  drawings  of  the  parts 
desired.  In  forwarding  this  letter  to  the  Department  especial  attention 
was  invited  to  the  fact  that  with  the  proposed  addition  to  the  plant,  which 
would  enable  the  Midvale  Steel  Company  to  manufacture  the  forgings 
for  all  the  parts  of  a  high-power  8-inch  steel  rifle,  the  Department  would 
be  able  to  fabricate  such  guns  in  which  all  the  parts  would  be  of  home 
production  (for  the  Midvale  Steel  Company  had  already  produced  excel- 
lent hoops  for  a  gun  of  this  caliber,  the  tube,  jacket,  and  trunnion 
hoops  for  which  were  furnished  by  Sir  Joseph  Whitworth  &  Co.);  that, 
if  successful,  a  step  could  be  made  toward  the  production  in  this  coun- 
try of  guns  of  the  larger  calibers  to  be  used  in  our  fortifications ;  that 
the  experience  gained  would  be  of  value  in  connection  with  many  ques- 
tions of  detail  arising  in  work  of  making  still  larger  forgings,  aud  that 
thjd  production  of  8-inch  steel  rifles  would  soon  become  a  matter  of  cur- 
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rent  fabrication,  for  which  the  Department  could  depend  on  home 
prodacts  exclusively,  and  the  way  would  be  clear  to  enter  upon  the 
larger  field  of  study  and  experiment  which  the  production  of  the 
heavier  calibers  would  require.  On  the  2d  of  April  proposals  were  in- 
vitedf  by  advertisement,  for  furnishing  the  three  forgings  enumerated 
above  for  an  8-inch  gun  oi  open-hearth  steel  of  American  production, 
and  the  contract  was  awarded  to  the  Midvale  Steel  Company  on 
April  20. 
The  forgings  are  of  the  following  rough-finished  dimensions : 


N ainre  of  piece. 

Interior 
diameter. 

Exterior 
diameter. 

Length. 

Bemarkiu 

Tube 

7.25 

po 

114.826 
28.25 

Inehef, 
(16.5    ) 
<10.25  > 
(I4w0     > 

28.876) 

24.0     5 

81.25 

InehS9. 
204 

110 
18.75 

With  rimbaaea  and  tmnnlonab 

Jacket 

Trannionhoop.. 

and  the  metal  is  required  to  have  the  following  physical  qualities : 

laatio 
inch. 


EUaatiolimit,  48,000  poonda  per  aqnare  )  ^  g 


Tnbe ^Tenaile  strength,  90,000  poonda  per  ^ 

aqaare  Inch. 

Elongation  after  mptore,  2t  per  cent. , 


Elaatio  limit.  45,000   poonda  f» 
aqaare  inch. 


Sfll 

«5^ 


'  Blaatic  limits  60,000  ponnda  per  square ' 
inch. 


Jaaket {TensUe  strength,  08,000  ponndsper  S  S^  |-^  < 

sqoare  inch.  9^»  9 


Elongation  after  roptorek  10  per  cent.  J  n  ^  o 


'  Elastic  limit,  45,000  pounds  per  sqoare 
inch. 


Snanlon  ring.  < 


Tensile  strength,  86,000  poonda  per  >  i-  ^ 


sqoare  inch, 
i  Elongation  after  mptore,  15  per  cent. 


$  o  ll  ^  Tensile  strength,  82,000  poondafsr 
ZSW9\     square  inch. 

Elongation  after  rapton^  IB  pst 
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square  inch. 

Tensile  strength,  88,000  poonda  pv 
aquare  inch. 
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aquare  inch. 

Tensile  strength,  88,000  poonda  p« 
square  inch. 
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.    cent. 


<o  o 


&i^ 


The  tube  and  jacket  were  to  be  forged  from  ingots  weighing  aboot 
twice  as  much,  and  having  a  sectional  area  from  three  to  four  times  as 
great,  as  the  solid  forging,  and  to  be  from  the  lower  part  of  the  ingots. 

At  the  present  time  the  tube  and  jacket  have  been  forged,  and  the 
tube  is  being  rough  finished.  The  tensile  tests  of  specimens  taken  from 
the  ends  of  the  tube  forging  show  that  its  qualities  are  good.  Tests 
from  the  jacket  have  not  been  quite  so  satisfactory. 

No  work  has  been  done  on  the  trunnion  hoop. 


EXPEBIHENTAL     TBUNNION 


FOE    8.  INCH 
EIFLE. 


8TEEL    BEEECH-I.OADIHa 


This  experimental  forging  is  to  be  delivered  in  the  rough  forged  stata 
excepting  that  it  will  be  cored,  and  it  is,  after  acceptance  as  to  physical 
qualities  on  the  regular  tensile  tests  of  the  metal,  to  be  thoroughly  and 


EEPORT   OF   THE   CHIEF   OF  ORDNANCE. 


463 


exbaastiyely  tested  both  bj  machiDe  tests  of  specimens  and  by  shrink- 
age. It  is  required  to  possess  the  same  physical  qualities  as  the  truna* 
ion  hoop  to  be  delivered  with  the  8inch  tabe  and  jacket.  It  has  al 
this  time  been  forged,  and  is  ready  for  treatment 

• 

FOBGlNeS  AND  CASTINGS  FOB  STEEL  SHELLS. 

These  shells,  six  in  number,  to  be  used  in  experiments  with  nitro- 
li^lycerine,  were  made  as  follows:  One  forged  and  one  cast  projectile 
was  made  from  each  of  three  kinds  of  metal,  and  after  rough  finishing 
were  oil  tempered.    The  results  of  the  tests  of  the  metal  are  as  follows  i 


Speelmens. 


! 


From  Ibrffsd  shells* 
From  oMt  shells* < 


111 


I 


i-s" 


POttfUfS. 

164,  ms 
181, 802 
197, 708 
1(KI.806 
180, 101 
152,826 


.085 
.045 
.05 

0 

0 
.01 


0 
0 

5.5 
0 
0 

0.80 


*  Length  of  specimen,  2  inches.    Sectional  aresi,  0.2  of  a  sqiiars  inch. 

It  is  hoped  that  the  results  of  the  firing  with  these  shells  will  give 
some  valuable  information  as  to  the  best  metal  to  be  used  for  steel  pro> 
jectiles. 

ONE  DISK. 

This  disk,  to  be  used  in  making  some  addition  to  the  8-inch  Yates  gun, 
was  forged  from  an  ingot  of  a  heat  of  ordnance  metal,  by  upsetting 
and  rounding,  and  treated  to  obtain  a  tensile  strength  of  about  85,000 
pounds  and  an  elastic  limit  of  about  36,000  pounds. 

EXPEBDfENTS. 

(1)  To  determine  the  condition  of  the  metal  before  treatment,  speci- 
mens were  taken  from  12inch  rifle  hoop  A 13,  and  tested  at  Watcrtown 
Arsenal.    The  results  are : 


1 

1 

2 

Position  of  spec- 
imen. 

Elasticlimitper 
square  inch  of 
orlj^inal    sec- 
tion. 

Elongation  per 
inch  under 
strain  at  elas- 
tic limit 

H 

Elongation  per 
inch  after  rupt- 
ure. 

Reduction  in 
area  after  rupt- 
ure. 

■ 

1 

14.9 

Inidde ... 
Outside . . . 

34,000 
87,000 

.001883 
.  001367 

88600 
88000 

.1838 
.205 

89.2 
83.5 

7.8575 

*  Length  of  specimen,  6  inches.    Sectional  area,  0.25  of  a  square  inch. 

A  comparison  of  these  results  with  those  obtained  in  the  tests  of  speo- 
Imens  taken  after  oil  tempering  aud  annealing  for  the  acceptance  of  the 
hoop  will  show  the  result  of  the  treatments 
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(2)  The  qaestion  haviDg  been  raised  whether  heatinii^  hoops  or  other 
parts  of  a  built-up  gnn  composed  of  oil-tempered  and  annealed  sted 
would  not  injure  the  metal,  some  pieces  of  12-inch  rifle  hoop  Bz,  iBitgt 
enough  to  furnish  test  specimens,  were  heated  very  slowly  in  hot  air  to 
about  520^  F.,  and  held  at  that  temperature  for  a  short  time.  The 
pieces  were  taken  in  close  proximity  to  each  other,  and  one  inside  and 
one  outside  specimen  were  heated  together.  Two  of  these  after  heating 
were  buried  in  powdered  lime  so  that  they  should  cool  very  slowly,  and 
tiie  other  two  were  allowed  to  cool  in  air,  that  is,  about  as  rigidly  as  a 
part  of  a  gun  in  assembling  would  cool.  The  specimens  turned  from  the 
pieces  gave  the  following  results : 


i 

1 

i2  o 
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§pJl 

per 
rapt- 

n  in 
rapt- 
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II 
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11 

Inside  — 

62,000 

.001760 

100.280 

.166 

89.2 

12 

Oataide... 

M.000 

.001717 

104.700 

.1807 

86.4 

18 

Inaide  .... 

4A,000 

.001560 

06.800 

.1617 

41.9 

14 

Oattide... 

68,000 

.001867 

108,040 

.1517 

89.2 

*  Length  of  apeoimen,  6  inohea.    Sectional  area,  0.25  of  a  aqoare  inch. 

A  comparison  of  these  results  with  those  obtained  in  the  tests  of  the 
ordinary  specimens  from  this  hoop  shows  how  little,  if  an^,  falling  off 
took  place  on  account  of  the  heating.  The  chemical  analysis  of  this 
metal  was  about  that  which  had  been  shown  by  experiment  to  be  the 
most  easily  affected  by  heating  within  the  range  suitable  for  ordnance 
purposes,  and  seemed  to  show  that  the  mere  beating  of  the  several  parts 
of  a  gan  up  to  50(P  or  600^  F.  (about  what  is  required  for  shrinkage 
purposes),  does  not  materially  affect  the  metal. 

(3)  In  Jaly  lastt  in  compliance  with  your  instructions,  an  experiment 
was  made  to  determine  the  effect  of  pouring  molten  cast  iron  about  a 
piece  of  oil-temi>ered  steel.  The  metal  selected  was  from  the  muzzle 
end  of  a  tube  for  8-inch  converted  rifles  which  had  been  rejected  on  ac- 
count of  poor  tests  from  the  breech  end,  a  piece  15  inches  long  being  cat 
from  the  mazzle  end  for  the  parpose. 

A  light  finishing  cut,  about  2  inches  in  length,  was  taken  on  the  bore 
of  this  piece  at  the  end  irom  which  test  specimens  had  been  taken.  As 
no  accurate  calipers  for  making  fine  measurements  were  at  hand,  a 
gauge  rod  was  made  to  accurately  fit  this  finished  bore,  measurements 
being  taken  at  two  scored  diameters  at  right  angles  to  each  other.  As 
it  was  desired  that  the  expansion  of  this  piece  of  tube  due  to  the  heat- 
ing of  the  molten  cast  iron  should  be  at  least  0.02  inch  on  the  diam- 
eter, another  gauge  rod  was  made  0.02  inch  longer  than  the  first  one, 
to  be  used  to  determine  when  the  piece  of  tube  with  the  molten  cast 
iron  about  it  had  expanded  that  amount. 

The  weight  of  cast  iron  to  be  used  was  determined  from  a  considera- 
tion of  the  specific  heats  of  the  two  metals,  the  weight  of  the  piece  of 
tube,  and  the  melting  point  of  cast  iron,  with  a  view  to  obtaining  a 
temperature  of  not  over  600^  F.  in  the  steel ;  of  coarse  the  surface  of 
contact  in  the  steel  was  liable  to  be  heated  to  a  much  higher  temper 
ature  than  600<^  F.,  but  it  was  hoped  by  removing  tae  cast  iron  as  soon 
as  possible  that  the  steel  would  not  be  raised  to  an  excessively  high 
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temperatare,  and  it  was  deemed  best  to  make  a  calculation  under  a  sup- 
position that  would  give  a  definite  empirical  rule  that  could  be  fol- 
lowed in  any  subsequent  similar  heating  operation. 

The  amount  of  cast  iron  required  was  found  to  be  about  120  pounds, 
giving  a  thickness  of  about  0.8  inch  of  metal  about  the  piece  of  tube. 
The  piece  of  tube  was  placed  with  its  axis  vertical  in  a  green  sand 
mold^  and  was  sunk  about  1  inch  in  the  lower  flask  of  the  mold  to  pre- 
vent the  molten  metal  from  running  under  the  bottom  and  so  up  into 
the  bore. 

Two  flat  bars  of  steel  0.25  inch  thick  were  placed  vertically  in  the  mold 

Sthe  space  to  be  filled  with  cast  iron,  and  opposite  to  each  other  to 
cilitate  stripping. 

After  the  piece  of  tube  had  been  set  in  the  mold  and  everything  was 
in  readiness  for  pouring  the  cast  iron,  a  final  measurement  was  made 
with  the  gauge  rod  at  the  scored  diameters  to  determine  that  the  meas- 
urements previously  taiien  were  correct.  In  pouring  the  mold  was 
filled  in  0.5  minute  ^  as  soon  as  the  mold  was  fully  and  as  rapidly  as 
possible  thereafter,  measurements  were  taken  with  the  gauge  rod  0.02 
inch  longer  than  the  original  diameter,  the  measurements  alternating 
on  the  scored  diameters. 

Expansion  took  place  very  suddenly  two  minutes  after  the  mold  was 
full,  and  was  a  little  more  than  0.02  inch  ^  verifying  insertions  of  the 
longer  gauge  rod  were  immediately  made  on  each  scored  diameter,  the 
flask  lifted,  and  the  cast  iron  stripped  from  the  tube.  The  piece  of  tube 
was  entirely  free  from  the  hot  cast  iron  in  1.5  minutes  after  the  expan- 
sion took  place,  and  was  allowed  to  cool  in  the  open  air.  Measurements 
taken  twenty-five  minutes  after  the  tube  was  free  from  the  cast  iron 
showed  that  the  tube  had  not  up  to  that  time  contracted  appreciably. 
The  metal  was  x>oured  late  one  evening,  and  the  tube  was  allowed  to  stand 
over  night ;  measurements  on  the  scored  diameters  taken  the  following 
morning,  about  thirteen  hours  after  the  pouring,  with  the  primitive 
gauge  rod  showed  that  the  tube  had,  as  nearly  as  could  be  determined, 
contracted  to  its  original  diameter.  Four  specimens  were  then  cut 
from  this  end  of  the  tube,  their  axes  being  about  1.5  inches  from  the  end, 
i.  e,y  from  the  top  of  the  piece  of  tube  as  it  stood  in  the  mold.  The  tests  of 
these  specimens  have  shown  that  the  physical  qualities  of  the  metal 
were  not  changed  by  the  operation.  Summary  of  the  results  of  tests  of 
specimens  before  and  after  the  pouring  is  as  follows : 
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PBOGRESS  REPORT  UPON  THE  MANUFACTURE  OF  50  ^INCH  MVZZLS- 
LOAUlNn  RJFLES  CONVERTED  FROM  lOISCh  RODMAN  SMOOTH-BORE 
GUNS  BY  LINING  WITB  A  STEEL  TUBE  INSERTED  FROM  THE  MUt^ 
ZLE, 

Bt  Lieut.  Roqers  Birnue,  Jr.,  Ordnakcb  Department. 

(1  plate.) 

West  Point  Foundry, 
Cold  Spring,  N.  F.,  October  3, 1885. 

General  :  I  bave  the  honor  to  report  herewith  the  present  state  of 
progress  under  contract  of  December  16,  1884,  with  the  West  Point 
Foandry  Association  for  the  manufacture  of  fifty  8  inch  muzzle-loading 
rifles  converted  from  10-inch  Eodman  smoothbore  guns  by  lining  with 
a  steel  tube  inserted  from  the  muzzle. 

None  of  these  guns  are  yet  completed,  but  a  number  are  in  a  forward 
state  of  progress  and  ten  will  be  completed  at  an  early  dnte. 

A  description  of  the  gun  is  given  in  the  Report  of  the  Chief  of  Ord- 
nance for  the  year  1884,  pi).  12-14.  That  report  also  contains  (page  332) 
an  nccount  by  Lieutenant  Bornp,  United  States  Ordnance  Department^ 
of  the  construction  of  one  of  these  guns  intended  for  experimental  pur- 
poses, nnd  (pngc  244)  nn  account  of  the  satisfactory  trial  of  the  same 
gun  at  Sandy  Uook  Proving  Ground. 

Fifty-six  10  inch  Rodiuan  smooth-bore  guns,  for  use  as  casings,  are 
on  hand.  They  were  received  in  lots  as  follows:  Eight  from  fort  at 
Sandy  Hook,  January  3,  1885  ;  eight  from  Fort  Schuyler,  New  York 
Harbor,  January  10,  1885 ;  ten  from  Fort  Schuyler,  New  York  Harbor, 
February  2,  1885;  thirty  from  Fort  Monroe,  Virginia,  June  30,  1885. 

These  smooth  bore  guns  include  the  following  service  numbers,  viz: 

Fort  Pitt  Foundrvnuml^ers,  253,  254,  255,  290,  297,  315,316,  317,318, 
322,  324, 327,  332,  333,  335, 350,  382, 390,  393, 395, 420,  428, 429, 430, 431, 
432,  434,  435,  437,  500,  605,  523,  524,  501. 

West  Point  Foandry  numbers,  33,  35,  36,  37,  38,  39,  40,  138, 139, 140, 
141,  142,  143, 144, 145,  146,  147,  148,  149,  150,  151,  152. 

Fifty  of  these  guns  have  been  fully  prepared  as  casings  for  the  inser- 
tion of  the  steel  tube  except  that  the  gas  escape  hole  is  not  yet  drilled 
in  three  of  them.  This  ])reparation  includes  the  enlargement  of  tbe 
original  smooth-bore  to  13.0  inches  diameter,  the  boring  and  threading 
of  the  recess  for  the  muzzle-collar,  and  the  drilling  of  the  ga8esca|)e 
hole.  The  holes  for  the  securing-piu  and  vent-bushing  will  be  uatle 
after  the  insertion  of  the  tube. 

The  steel  forgings  for  the  tubes,  breech-cups,  and  muzzle-collars  are  in 
course  of  fabrication  by  the  JVlidvale  Steel  Company,  Philadelphia,  Pa. 
The  tests  for  the  physical  qualities  of  the  metal  are  made  and  the  forg- 
ings are  inspected  and  passed  upon  by  the  resident  inspector  at  the  steel 
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works  before  bein^  shipped  to  this  foundry  where  the  finishing  and  fit- 
ting of  the  pieces  is  done.  The  tubes  and  uinzzle-coUarH  when  received 
are  rongh  finished  interiorly  and  exteriorly  ;  the  breechcups  are  roui»h, 
solid  forcings.  Up  to  this  date  the  following  steel  forgings  have  been 
received,  viz  :  27  tubes,  50  muzzle- collars,  and  37  breech  cups. 

The  following  constitute  the  principal  operations  upon  the  tube,  which 
is  closu'd  at  the  breech  end  by  the  breech-cup:  1,  the  tube  is  centered 
and  bearings  are  turned  for  mounting  it  in  the  boring  bed;  2,  it  is 
rough  bored  to  a  diameter  about  one-sixteenth  of  an  inch  under  finished 
size,  and  at  the  same  time  is  rough  turned  over  the  whole  exterior 
length;  3,  it  is  removed  to  a  lathe  and  the  seat  for  the  breech-cnp  is 
finished  and  threaded;  4,  the  breech-cup  is  inserted  and  the  tube  then 
subjected  to  a  water  pressure  of  120  ])ounds  to  test  the  tightness  of  the 
thread  joint ;  5,  the  tube  is  again  placed  in  the  bed  and  finished  bored ; 
0,  the  tube  is  rifled;  7,  it  is  finished,  turned  outside  to  fit  the  caHing, 
and  the  muzzle-collar  designated  for  it  and  is  then  tried  in  the  casing : 
8,  before  the  final  insertion  the  bore  is  "lapped''  with  a  half  round 
cylinder  of  lead,  using  emery  and  oil  to  grind  and  polish  the  surfaces 
of  the  grooves  and  lands. 

To  i>repare  the  breech-cup  for  insertion  it  is  first  rongh  turned  and 
faced  at  the  ends;  the  cup  proper  is  then  cut  and  fine  finished, and  the 
surplus  length  at  the  base,  varying  from  0.875  to  1.5  inches,  is  faced  on 
two  sides  to  aflFord  a  hold  for  the  wrench  used  for  screwing  the  piece 
home;  finally  the  thread  is  cut  to  suit  that  already  nnide  in  the  tube. 

The  operations  upon  the  mnz/Je-colIar  comprise,  1,  rouiih  turning 
the  exterior;  2,  rough  and  fine  finishing  the  interior ;  3,  cutting  the 
thread  aiul  turning  the  exterior  to  fit  a  desiguated  casing,  in  which  op- 
eration the  ring  is  mounted  upou  a  mandrel. 

The  above  is  an  outline  of  the  principal  operations  required  in  the 
manufacture  of  the  gun  as  far  as  the  insertiou  and  complete  assem- 
blage of  tiie  tube,  casing,  and  muzzle-collar.  When  that  is  done  it  re- 
mains to  insert  the  securing  pin  and  vent  bushing  and  stop  the  old 
vent.  None  of  the  tubes  have  as  yet  been  assembled,  but  in  conucctiou 
with  the  above  the  progress  of  the  work  on  the  steel  i)arts  may  be 
shown  by  the  following : 

Of  the  twenty-seven  tubes  received  to  date  all  have  progressed  as  far 
as  to  include  the  stage  of  rough  boring,  10  have  the  breech-cups  in- 
serted and  are  finished  bored,  10  are  ritied,  5  are  finished  exteriorly 
and  fitted  to  casings  and  muzzle-collars,  and  3  have  been  '^lapped"  and 
polished  in  the  bore. 

In  addition  to  the  IG  breechcups  assembled,  6  others  are  rough 
threaded  preparatory  to  fitting  and  insertion  in  a  designated  tube. 

Of  the  muzzle-collars  14  have  been  fitted  to  casings  and  13  others  are 
prepared  for  the  threading. 

In  the  inspection  of  material  only  one  piece  has  been  rejected  to 
date,  viz:  Breech  cup  forging  No.  4,  for  fine  seams  left  exposed  in  the 
finished  surface  of  the  cup  proper.  In  several  of  the  cast-iron  casings 
small  defects  have  been  uncovt^red  in  the  finished  bore  near  the  muzzle, 
but;  none  which  could  be  considered  serious  enough  to  condemn  the 
casing  for  service. 

Very  respectfully, 

R.  BIRNIE,  JR., 
Lieutenant  of  Ordnance. 
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REPORT  OF  THE  WORK  DONE  FOR  TEE  ORDNANCE  DEPARTMENT  AT  TffB 
WORKS  OF  JONES  4-  LAUGHLINS,  PITTSBUROH,  PA,,  DURING  THE FIS- 
CA  L  YEA  R  ENDING  J  UNE  30,  1885. 

By  Lieut.  William  M.  Medcalfe,  Ordnance  Depabtmbnt. 

(2  plates.) 

Uuder  contact  of  June  30, 1884,  the  firm  was  called  upon  to  cold  roll 
thirteen  steel  bars  for  the  10-inch  Woodbridge  wire-wound  gun. 

Twelve  of  these  bars  were  24  feet  in  length,  one  being  a  half  bar,  12 
feet  in  length,  for  experimental  purposes.  They  were  made  of  open- 
hearth  steel,  and  were  manufactured  by  the  Otis  Iron  and  Steel  Oom  - 
pany,  of  Cleveland,  Ohio.  Each  bar  was  made  from  the  lower  half  of 
a  14  inch  square  ingot,  which  was  rolled  and  hammered,  while  hot,  down 
to  4^  inches  square. 

The  bars  were  now  to  be  reduced  by  cold  rolling  to  3^  inches  square^ 
in  the  smallest  practicable  number  of  passes. 

Before  delivery  to  the  contractors  the  bars  were  annealed  at  the 
Washington  navy-yard,  under  the  direction  of  Dr.  W.  0.  Woodbridge. 
The  following  description  of  the  operation  is  furnished  by  Dr.  Wo^- 
bridge : 

The  furnace  in  which  the  bars  were  annealed  (and  snbseqnently  the  tnbe  for  the  10- 
inch  steel  wire- wound  gun)  was  constructed  on  plans  furnished  by  me  for  the  Ord- 
nance Bureau  of  the  Navy  Department,  at  the  Washington  navy-^ard. 

The  requirements  of  the  process  of  annealing  are  that  the  article  to  be  annealed 
shall  be  heated  with  uniformity  to  a  temperature  which  shall  reduce  the  elastic  re- 
sistance of  the  material  to  a  very  small  quantity,  and  subsequently  cooled  with  such 
degree  of  uniformity  as  not  to  introduce  strains  arising  from  irregular  or  dissynchro- 
nous  contraction.    Oxidation  must  also  be  guarded  against. 

The  furnace,  which  is  represented  in  the  accompanying  drawing,  was  planned  with  a 
Yiew  to  meeting  these  requirements.  It  consists  of  a  long,  narrow,  and  covered  rect- 
angular inclosure  of  brick-work,  provided  with  supports  for  the  tube  or  bars  to  be 
annealed,  and  with  the  necessary  apertures.  The  whole  is  inclosed  within  end  plates 
and  back  staves,  connected  with  tie  rods.  The  bricks  chosen  for  its  construction 
were  made  from  the  clay  commonly  employed  in  the  vicinity  of  Washington  for  brick 
making,  being  selected  from  a  kiln  of  ordinary  building  bricks,  by  attention  to  the 
appearances  indicating  the  degree  of  heat  at  which  they  had  been  burned.  It  was 
necessary  that  they  should  have  sufficient  strength  to  support  the  weight  they  were 
destined  to  bear,  and  at  the  same  time  that  they  should  be  as  porous  as  possible,  so 
that  their  conductivity  for  heat  might  be  low.  Bricks  that  had  not  reached  the  point 
of  incipient  vitrification  were  therefore  chosen — such  as  had  attained  their  full  red 
color,  while  they  might  yet  be  regarded  as  **  rather  soft."  The  temperature  indicated 
by  these  qualities  is  above  that  reached  by  any  part  of  the  walls  of  the  annealing 
I'./nace,  so  that  farther  shrinkage  was  not  to  be  apprehended. 

The  cement  used  in  laying  tne  walls  was  composed  of  molding-sand,  to  which 
about  one-fifth  part  of  common  clay  was  added,  and  enoagh  of  a  mixture  of  molasses 
and  water  in  equal  parts  to  give  it  the  requisite  plasticity.  This  mixture  dries  with- 
out apparent  contraction  and  forms  a  very  firm  cement  as  soon  as  dried,  retaining  its 

^  trength  through  all  the  ascending  steps  of  temperature  to  the  point  at  which  the 

p         \rbo  laceous  residue  of  the  sirup  is  consumed. 
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To  prevent  Iors  of  beat  through  the  wallfs  of  the  furnace  by  convection,  it 
paiutf«i  (or  varniHhcd)  exteriorly  with  a  solution  of  silicate  of  soda,  to  which  Vene- 
tian red  was  added,  and  with  the  mime  mixture,  with  the  further  uddilion  of  lith- 
arge, in  thn  interior.    The  latter  mixture  fused  at  the  temperature  of  annea1iii|r. 

The  covering;  of  the  furnace  rested  on  iron  plates.  It  consisted  of  uiobliu^^-sand 
mixt'd  with  molasses  and  water,  tilled  in  with  li};ht  pressure,  and  covered  at  the  top 
with  cliisely-fitted  slates. 

Precautions,  too  often  omitted,  were  taken  to  prevent  the  expansion  of  the  interior 
iron  parts  from  brin^iug  strains  upon  the  walls,  and  for  keeping  the  walls  dry  when 
not  in  constant  UMe,  by  cutting  oil'  capillary  connection  with  tbc  ground. 

Doors  at  the  ends  of  the  furnace  are  provided  for  the  insertion  of  the  pieces  of  steel 
to  be  annealed.  They  are  closed  when  the  furnace  has  received  its  charge  with 
brick-work  laid  in  such  a  way  as  to  be  easily  removed  when  the  annealing  is  completed. 

The  doors  for  the  insertion  of  fuel  are  wholly  below  the  space  occupied  by  the  uietAl 
to  be  annealed,  and  are  at  the  same  time  tlieonly  outlets  for  the  air  admitted  for 
combustion.  Draft  holes  for  the  admission  of  air  are  placed  immediately  below  them. 
Both  doors  and  draft  holes  are  furnished  with  stoppers. 

The  fuel  employed  is  charcoal.  No  grate  bars  are  needed.  Small ''peep  holei^" 
very  much  widened  vertically,  are  formed  in  the  walls  at  a  suitable  height  for  view- 
ing the  olijects  to  be  annealed.  Hoods  of  sheet-iron,  connected  with  draft  pipes,  are 
plac4*d  above  the  doora  to  carry  up  the  escaping  gases  of  combustion,  but  take  no 
part  in  promoting  the  <lraft8  of  the  furnace. 

liy  the  arrangement  described,  the  object  to  be  heated  and  annealed  is  placed  m 
what  might  be  called  an  inverted  pool  of  heated  gases,  forming;  a  bath  from  which 
it  appears  to  take  its  temperature  with  great  regularity  and  uniformity.  There  can 
be  no  strong  drafts  in  the  furnace,  localissing  its  heat,  since  the  colunni  of  heated  air 
to  which  draft  is  due  does  not  exceed  two  feet  in  height,  but  this  is  more  than  suffi- 
cient to  procure  as  rapid  combustion  as  is  desirable.  The  quality  of  the  gaites  of 
combuhtion  nuiy  be  observed  as  they  escape  from  the  partially  closed  doors,  and  the 
supply  of  fuel  (which  should  be  dry  charcoal)  may  be  so  proportioned  to  the  air  ad- 
mitted as  almost  entirely  to  obviate  oxidation  in  heating. 

The  temperature  to  which  articles  of  sted  are  brought  for  annealing  is  indicated 
by  a  full  red  color.  This  heat  is  maintained  for  an  hour  or  more, according  to  the  mb» 
of  the  piece,  the  idea  lu'ing  that  more  time  is  probably  required  for  the  equalization 
(or  remission)  of  strains  in  a  large  mass  than  in  a  small  one. 

The  time  devoted  to  heating  the  furnace  and  its  contents  depends  in  part  npon  the 
necessity  of  imparting  such  an  amount  ol  heat  to  the  furnace  itself  that  cooling  shall 
he  Hufficiently  gradual. 

The  bars  for  the  staves  of  the  10-inch  gun  before  mentioned  were  all  annealed,  pre- 
paratory to  cold  rolling,  at  the  same  heat.  They  were  piled  upon  the  bearers  with 
small  bars  of  iron  between,  being  spaced  about  cue  inch  apart,  both  laterally  and 
vertically. 

Heating  was  continued  about  thirty-six  hours  with  very  gradual  progression,  the 
bars  attaining  a  full  red  heat.  The  furnace  was  then  e.losed,  and  every  opening  luted. 
At  the  expiration  of  four  days  the  temperature  was  found  to  have  fallen  below  the 
melting  point  of  tin,  but  apparently  not  much  bel(»w.  It  was  not  found  convenient 
to  remove  the  bars  for  more  than  a  week  later,  the  furnace  having  stood  open  for 
some  days,  and  the  bars  having  become  quite  cold. 

The  cold  rolling  of  rods  for  sbnftin|]^  and  other  purposes  has  been 
extensivc'ly  practiced  by  the  present  contrnctors,  and  they  were  prob- 
ably better  equipped  for  the  woik  than  any  other  firm  in  the  country. 
The  reduction,  however,  usually  made  in  order  to  secure  a  hard  and 
perfectly  true  surface  for  shafting,  is  very  slitjjht  in  comparison  to  that 
required  by  the  contract,  and  fjrave  doubts  were  entertained  by  the 
company  as  to  the  jjossibility  of  reducing  the  cross  section  one-third 
without  ii»jury  to  the  bars  as  well  as  to  tlie  rolls.  The  Department 
therefore  assumed  the  expeijse  of  ihe  rolls,  which  had  to  be  cast  spce- 
ially  for  this  work. 

The  lirst  ])air  of  rods  was  made  at  Jones  &  Lanphlins.  They  were 
of  chilleil  iron,  22  inches  outside  diameter  and  18  inches  in  length,  with 
a  single  triangu'ar  groove  in  the  center.  The  angle  of  the  groove  was 
91°  and  its  depth  enual  to  half  the  diagonal  of  the  finished  bar.  Fig. 
2  tihows  the  cro>s  section  of  the  groove.  The  bottom  of  the  groove  was 
formed  by  a  fillet  struck  with  a  radius  of  0.17  inch. 

The  rolling  was  commenced  on  the  8th  of  December,  1884.    The  re- 
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daction  was  made  as  rapidly  as  possible,  the  diagonal  of  the  short  bar 
was  compresssed  0.41  inch  in  10  breakdowns  or  24  passes.  Three 
couplings  having  broken,  the  rate  of  redaction  was  reduced  to  00  break- 
downs or  120  passes  to  the  inch,  as  all  the  machinery  could  stand.  Six 
more  passes  were  made  when  the  lower  roll  broke,  the  line  of  fracture 
coinciding  with  the  bottom  of  the  groove. 

On  examining  the  unbroken  roll,  it  was  found  that  the  sharp  feather 
edge  formed  on  the  corners  of  the  bar,  during  the  reduction,  had  cut 
deeply  into  the  bottom  of  the  groove,  and  the  roll  showing  further  con- 
siderable wear,  it  was  deemed  necessary  for  the  continuance  of  the 
work  to  make  two  new  rolls.  The  failure  of  the  lower  roll  was  attrib- 
uted mainly  to  the  formation  of  a  sharp  edge  on  the  corners  of  the  bar, 
which  cut  into  the  groove  at  the  bottom  line  and  acted  as  a  wedge  to 
split  the  roll  open.  The  formation  of  this  cutting  edge  was  favored  by 
the  depth  of  tbe  groove  which  increased  the  drag  of  the  bar  on  the 
bottom  of  the  groove  unnecessarily ;  by  the  comparatively  small  angle 
of  the  groove;  and  by  the  smalliiess  of  the  fillet  forming  the  bottom. 

To  remedy  these  defects  drawings  for  new  rolls  were  prepared  by 
Dr.  Woodbridge,  with  two  grooves  hav^ingan  angle  of  0;3  degrees  and  a 
depth  considerably  less  than  that  of  the  grooves  in  the  tirst  rolls.  The 
fillet  at  the  bottom  of  the  grooves  was  made  as  large  as  possible,  being 
struck  with  a  radius  of  0.3  inch. 

Fig.  No.  1  shows  the  form  of  cross-section  of  these  grooves.  The 
decrease  in  the  depth  of  the  grooves,  and  the  change  in  their  position 
made  by  the  substitution  of  double  grooves  for  the  single  groove  added 
materially  to  the  strength  of  the  roll,  besides  increasing  the  lip  of  the 
roll  by  enabling  the  workmen  to  roll  alternately  in  each  groove.  The 
increased  angle  and  the  large  fillet  at  the  bottom  of  the  groove  tended 
to  ])revent  the  formation  of  a  cutting  edge  on  the  bar. 

The  new  rolls  were  also  made  by  Jones  &  Laughlins,  and  the  work 
of  cold  rolling  was  resumed  February  12,  1885. 

It  was  decided  to  reduce  the  bars  to  the  required  size,  3.43  inches 
square,  in  118  reducing  passes,  but  this  number  was  subsequently  re- 
duced to  109. 

Five  bars  were  successfully  reduced,  the  two  grooves  being  used  al- 
ternately, when  the  upper  roll  cracked  in  two  along  the  bottom  of 
the  left-hand  groove,  lip  to  within  one  or  two  passes  before  the  roll 
gave  way  there  were  no  indications  of  its  failure,  and  it  w<is  supposed 
to  be  fully  able  to  stand  the  work  required  of  it.  On  examining  the 
fracture  the  chill  was  found  to  extend  in  tive  or  six  inches  from  the  cir- 
cumference all  around,  and  in  streaks  nearly  to  the  center. 

In  the  opinion  of  Dr.  Woodbridge  and  the  inspector,  the  roll  had  re- 
ceived too  great  a  chill  and  its  strength  had  been  thereby  impaired. 
The  contractors,  however,  thought  the  fracture  showed  the  roll  to  be  a 
fair  one,  and  further  sUited  that  it  was  impossible  to  regulate  with  ac- 
curacy the  depth  of  chill. 

After  visiting,  in  company  with  Dr.  Woodbridge,  a  number  of  works 
in  Pittsburgh,  the  inspector  came  to  the  conclusion  that  Garrison  & 
Oo.,  had  probably  the  most  experience  in  cnsting  chilled  rolls,  and  as 
they  agreed  to  guarantee  the  depth  of  chill,  which  was  ]>laced  at  2 
inches,  the  depth  of  the  grooves  being  1^  inch,  a  new  roll  was  ordered 
from  them,  after  having  received  the  necessary  authority  from  the  Chief 
of  Ordnance. 

The  new  roll  was  ready  and  the  rolling  recommenced  on  April  22, 
1885. 


472         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

The  bars  were  rolled  at  the  rate  of  two  a  day  and  the  operation  com- 
pleted without  any  accident. 

The  rolls  stood  the  \^ork  well  and  did  not  require  redressing.  They 
appeared  to  be  perfectly  sound  and  capable  of  doing  considerable  fur- 
ther work  after  the  rolling  was  finished. 

The  rapidity  of  reduction  was  reduced  somewhat  so  as  to  be  on  the 
safe  side,  from  132  to  140  breakdowns  being  used  to  reduce  each  bar 
instead  of  109  as  previously  adopted. 

The  bars  were  afterwards  straightened  and  shipped  to  the  command- 
ing officer  of  Watertown  Arsenal. 
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REPORT  OF  THE  MANUFACTURE  OF  STEEL  QUN-WIRE  AT  THE  TRENTOH 
IRON  WORKS  DURING  THE  FISCAL  YEAR  ENDING  JUNE  30,  1885. 

By  Lirut.  W1LX.IAM  M.  Medcalfb,  Ordnancb  Department. 

Under  contract  of  June  30,  1884,  the  Trenton  Iron  Company  was)  re- 
quired to  convert  75,000  pounds  of  steel  into  wire  for  gun-construction. 
The  steel  was  furnished  by  the  Ordnance  Department  in  the  form  of 
billets,  2  inches  square,  and  weighing  about  80  pounds  each. 

These  billets  were  manufactured  by  the  Otis  Iron  and  Steel  Company. 
They  were  of  open-hearth  steel,  and  had  been  required  to  show  the 
following  properties :  Tenacity  per  square  inch,  not  less  than  70,000 
pounds;  ultimate  elongation,  not  less  than  30  per  cent.;  reduction  in 
area  of  cross-section,  50  per  cent.  (See  tests,  Appendix  30,  Report  of 
Chief  of  Ordnance,  1884.) 

In  the  form  of  wire  it  was  expected  that  the  tenacity  would  be  in- 
creased to  160,000  pounds  per  square  inch,  and  the  elastic  limit  raised 
from  about  40,000  pounds  to  110,000  pounds  per  square  inch,  sufficient 
ductility  being  retained  to  permit  the  wire  being  wrapped  around  itself 
without  fracture.  ^"^^  lljfli 

Ten  specimens  taken  from  the  same  coil  and  tested  at  Watertown 
Arsenal  gave  the  following  results,  the  distance  between  measuring- 
points  being  10  inches : 
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The  elastic  limit  in  these  specimens  was  not  well  defined,  but  was 
probably  in  the  neighborhood  of  100,000  pounds.  (See  report  of  test 
hereto  appended.) 

To  obtain  these  qualities  it  was  considered  necessary  to  limit  the 
manufacturers  to  a  single  annealing,  applied  after  the  billets  had  been 
rolled  into  rods,  the  rods  being  then  drawn  without  further  annealing 
from  0''.5  to  0".15  square  wire. 

This  required  ten  draughts,  and  as  four  or  five  is  the  largest  number 
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nsaally  made  before  returnin<i:  the  metal  to  the  amiealer,  the  operation 
was  at  first  necessarily^  somewhat  of  an  experiment. 

The  extreme  hardness  acquired  b}'  tlie  wiie  afUT  several  drau<rhtB 
and  the  square  form  of  cross-section  combined  to  m^ike  the  action  on 
the  draw-i)late  very  severe,  and  for  some  time  it  was  doubtful  if  the 
ordinary  style  of  draw  plate  could  bo  used. 

The  delivery  of  the  billets  was  not  com|)leted  until  September  18, 
1884.  The  contract  required  the  completion  of  the  wire  six  monthi 
after  the  receipt  of  the  steel.  The  many  <lifficnlties  exi)erienced,  com- 
bined with  the  inherent  slowness  of  tlie  o]>eration,  prevent.e<l  the  com- 
pletion of  the  work  iu  the  time  sjiecided.  The  time  allowed  was,  at  the 
request  of  the  company,  extended  by  the  Cliief  of  Ordnance  to  Septem- 
ber 20,  1885. 

On  June  30,  1885,  all  the  wire  wa«  under  way  in  the  various  sta^^es 
of  manufacture,  though  but  a  small  amount  had  been  finished — a  fact 
partly  due  to  the  uncertainty  which  had  existed  as  to  the  best  method 
to  be  adopted  in  tinning. 

The  state  of  ])rogress  at  that  time  was  as  foHows:  10,700  pounda 
finislje<l  wire  tinned,  25,G00  poun<ls  wire  complete  as  to  drawing,  9,«ri8 
pounds  wire  ])artly  drawn,  18,700  pounds  J  inch  ro<ls. 

The  operations  through  which  the  billet  passes  in  its  transformation 
into  wire  are:  heating,  rolling,  pointing,  annealing, pickling,  lime-coat- 
iug,  baking,  lubricating,  drawing,  and  tinning. 

HEATING. 

The  furnaces  used  for  heating  the  billets  are  low  reverberatory  coa!^ 
furnaces,  and  the  loss  of  weight  due  to  oxi<lation  is  considerable. 

The  average  loss  for  cast  steel  is  almnt  4.5  per  cent.  The  billets  re- 
main in  the  furnace  about  an  hour,  the  blast  being  kept  up  until  they 
have  acquired  a  full  heat.  In  the  case  of  twenty  billets  which  were 
rolled  separately  for  experimental  purposes,  the  furnace,  which  had 
previously  been  use<l  for  heating  iron,  was  quite  hot  when  the  steel  waa 
put  in  ;  the  blast  was  only  required  for  a  short  time ;  and  the  numberof 
billets  being  small  they  were  promptly  removed  from  the  furu^vce  after 
reaching  a  full  heat.  The  loss  in  weight  was  only  ouehalf  that  usaallj 
met  with. 

Each  billet  was  carefully  weighed  before  being-placed  in  the  furnace^ 
and  again  after  rolling.  The  average  loss  of  weijiht  for  the  twenty  bil- 
lets was  2.47  per  cent.  A  full  yellow  heat  was  acquired  in  20  minute8| 
the  longest  period  that  any  billet  remained  iu  the  furnace  being  w 
minutes. 

While  the  additional  loss  of  weight  usually  experiences!  in  heating 
and  rolling  large  numbers  of  billets  may  not  be  of  great  importance^ 
the  length  of  time  that  the  billets  are  exi)Osed  to  a  full  heat  and  the 
total  time  they  remain  in  the  furnace  mast  largely  determine  the  qual- 
ities which  the  metal  will  show  when  drawn  into  wire. 

As  will  hereafter  be  note<l,  a  large  number  of  the  coils  have  failed  to 
stand  the  successive  draughts,  and  have  broken  in  the  draw  plate* 
This  is  probably  due  to  a  variety  of  causes,  but  overheating,  either  in 
the  ingot  or  billet,  more  probably  in  the  latter,  has  been  responsible 
for  ."^onie  of  the  loss. 

Oitcasional  pieces  pass  successfully  through  all  the  ten  draughts,  bal 
are  really  worthless  for  gun-wire  on  ac(iount  of  brittleness.  Such  % 
piece  can  be  taken  iu  the  hands  and  easily  snappe<l  in  two,  while  a  per- 
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feet  piece  of  wire  will  wind  aroand  itself  without  showing  any  tendency 
to  fracture. 

It  is  to  be  regretted  that  the  experiments  on  the  twenty  billets  men- 
tioned above  was  unavoidably  delayed  until  all  the  others  had  been 
rolled,  as  the  experience  gained  would  have  been  valuable  in  regu- 
lating the  operations  in  the  heating  furnace.  In  future  I  think  the 
billets  should  be  heated  in  small  lots,  so  that  tliey  may  be  removed 
promptly  after  acquiring  a  full  heat,  and  to  enable  them  to  bo  more 
closely  watched  during  the  operation,  thus  diminishing  tbe  danger  of 
individual  billets  being  burnt  or  unevenly  Leated.  Tlie  furnace  should 
be  quite  hot  when  charged,  so  as  not  to  require  tbe  blast  to  be  left  on 
for  more  than  fifteen  minutes,  thus  dimiuishiug  the  loss,  and  also  the 
liability  of  overheating. 

ROLLING. 

When  the  billets  have  acquired  a  full  yellow  to  near  white  heat,  they 
are  transferred  one  by  one  to  the  rollit,  which  stand  in  the  immediate 
vicinity  of  the  heating-fnrnaces. 

The  2  inch  square  billet  is  reduced  to  a  Jinch  square  rod  in  nine 
passes,  the  total  time  of  passing  through  the  train  of  nine  rolls  being 
only  1^  minutes.  In  this  time  the  metal  has  cooled  from  a  bright 
yellow  to  a  bright  red.  On  issuing  from  the  rolls  the  rods  are  at  once 
coiled  on  reels,  weighed,  and  then  thrown  on  the  floor  to  cool. 

POINTING. 

The  rods  are  next  pointed  to  facilitate  their  entrance  into  the  holes 
of  the  draw-plate.  This  is  done  by  hand.  The  ends  are  heated  in  a 
blacksmith's  fire  to  a  cherry  red,  and  hammered  out  into  long  tapering 
points,  five  or  si^  inches  in  length,  defective  ends  being  cut  oif.  The 
pointing  is  done  before  annealing,  to  avoid  destroying  the  softness  and 
ductility  of  the  ends,  which  would  cause  them  to  break  off  near  the 
holder. 

ANNEALING. 

As  the  coils  receive  but  one  annealing  the  manufacturers  have  en- 
deavored to  make  it  as  thorough  as  possible,  the  operation  lasting 
nearly  twice  as  long  as  for  ordinary  commercial  wire. 

The  annealing  pots  and  furnaces  are  sunk  below  the  level  of  the  floor 
of  the  annealing  room.  The  pots  are  three  feet  in  diameter  and  six 
feet  in  depth,  and  are  made  air-tight.  Soft  coal  is  the  fuel  used.  The 
rods  and  wire  are  charged  cold,  and  the  pots  closed  with  covers  which 
are  luted  with  clay,  to  prevent  the  entrance  of  air.  The  oxidation  is, 
however,  considerable,  and  when  removed  they  are  covered  with  a  thick 
scale  which  has  to  be  removed  by  the  subsequent  operation  of  ])ickling. 

From  seven  to  eight  hours  is  required  to  heat  the  rods  slowly  nj)  to 
a  cherry  heat,  the  ])rogress  of  the  oju-ration  being  watched  by  the  work- 
men through  peep  holes  near  the  base  of  the  annealer.  After  a  proper 
beat  has  been  acquired  the  fires  are  raked  out  and  the  rods  left  to  cool 
in  the  annealers. 

The  annealing  was  generally  done  on  Saturday,  and  the  coils  were 
not  removed  until  Monday  morning,  the  whole  operation  thus  taking 
forty -eight  hours. 

The  twenty  selected  billets,  which  were  annealed  separately,  required 
seven  hours  to  get  a  full  heat,  and  were  left  to  cool  in  the  pots  twenty- 
two  hours.  On  being  taken  out  they  were  still  hot  enongh  to  blaze  a 
piece  of  piue  wood,  or  at  a  temperature  estimated  to  be  about  050^  F. 
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The  important  points  to  be  observed  in  annealing  are:  that  the  rods 
be  heated  np  to  the  proper  temperature  gradually,  so  that  all  parts  may 
acquire  a  uniform  heat;  the  temperature  throughout  the  annealer  should 
be  the  same;  air  should  be  excluded  as  far  as  possible  to  prevent  oxida- 
tion; the  cooling  should  be  conducted  very  slowly  to  insure  softness 
and  ductility. 

The  temperature  of  the  annealer  was  determined  at  one  time  by 
means  of  heat-tests,  cylinders  of  an  alloy  of  copper  and  tin  in  different 
proportions,  prepared  by  Dr.  Woodbridge.  These  tests  were  examined 
after  the  annealer  was  opened,  and  showed  that  the  upper  portion  of 
the  pot  was  considerably  hotter  than  the  lower,  the  maximum  tempera- 
ture being  in  the  neighborhood  of  l,800o  F. 

PICKLINa. 

The  rods  when  cool  are  cleaned  in  a  pickle  of  dilute  sulphuric  acid. 
Fifteen  coils  are  strung  on  a  wooden  reel  and  lowered  into  the  pick- 
ling tub  at  a  time.  The  latter  is  made  of  wood  and  holds  about  380 
gallons  of  the  mixture.  The  bath  varies  in  strength  according  to  the 
length  of  time  it  has  been  in  use.  Fresh  acid  is  added  from  time  to 
time  by  the  workmen,  as  their  judgment  dictates. 

A  newly-prepared  bath  contains  1  part  by  weight  of  oil  of  vitriol  to 
30.69  parts  of  water.  It  is  heated  up  to  about  liQo  F.  before  introduc- 
ing the  coils.  The  time  of  immersion  of  course  varies  with  the  thick- 
ness of  the  scale  to  be  removed  and  the  strength  of  the  mixture.  In 
cases  observed  it  varied  from  40  to  50  minutes.  The  reel  is  lifted  out 
from  time  to  time,  the  coils  played  upou  by  a  hose,  and  the  progress  of 
the  operation  observed.  When  all  the  oxide  has  been  removed  they 
are  thoroughly  washed  and  left  to  soak  for  a  short  time  on  the  floor,  so 
as  to  acquire  what  is  called  a  water-coat,  which  is  supposed  to  increase 
the  adherence  of  the  lime-coating  next  to  be  applied. 

LIME-COATING  ANB  BAKING. 

To  prevent  the  rods  from  rusting  during  the  succeeding  operations 
they  are  coated  with  lime.  The  mixture  consists  of  two  parts  rye-flour 
lees  and  one  part  milk  of  lime.  The  lees  is  prepared  by  stirring  two  or 
three  pounds  of  rye-flour  in  a  barrel  of  water.  The  coils  are  dipped  in 
the  lime-coating  mixture  and  then  taken  to  the  baking  oven.  This  is 
simply  a  large  drying  oven  which  when  filled  is  closed  and  raised  to  a 
temperature  of  about  650^  F.  The  coils  generally  remain  in  over 
night,  about  fifteen  hours. 

The  loss  in  weight  due  to  pickling  varies  fVom  a  few  tenths  of  a  pound 
to  over  a  pound,  averaging  for  SOpound  billets  a  little  over  J  a  pound. 
So  that,  taking  the  usual  loss  of  4.68  per  cent,  in  rolling  and  0.60  per 
cent,  in  pickling,  an  80-pound  billet  when  it  comes  to  the  drawing-block 
in  the  form  of  a  coil  weiglis  but  76.8  pounds.  The  loss,  therefore,  on 
76,000  pounds,  the  amount  furnished  the  contractors,  would  be  from 
these  causes  alone  3,960  pounds. 

The  coils  are  lime-coated  after  each  draught  and  placed  over  the  an- 
nealers  to  dry.  After  the  second  draught  a  light  coating  of  copper  is 
deposited  on  the  wire,  to  improve  the  smoothness  of  its  surfa<5e  and  fa- 
cilitate drawing.  For  this  purpose  the  coils  are  immersed  in  a  solution 
of  sulphate  of  copper,  with  a  slight  excess  of  acid,  and  lie  therein  until 
sufficient  copper  has  been  deposited  to  give  a  satisfactory  coat.    The 
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time  reqaired  varies  witb  the  size  of  the  wire,  from  aboat  one-half  an 
hour  after  the  second  draught  to  five  or  six  minutes  after  the  ninth 
draught. 

DRAWING. 

The  ^-inch  rods  are  reduced  to  square  wire,  0.15  inch  on  the  side,  in 
ten  draughts,  the  corners  being  rounded  with  a  radius  of  0.01  inch.  The 
ends  of  the  wire  are  reversed  at  each  successive  draught.  The  bend 
of  the  wire  in  coiling  is  required,  by  the  terms  of  the  contract,  to  con- 
form to  a  cylindrical  surface,  or  the  rectangular  cross-section  of  the  wire 
to  be  either  parallel  to  or  at  right  angles  with  the  axis  of  the  cylinder 
on  which  it  is  wound.  This  was  necessary  to  prevent  the  wire  receiv- 
ing a  twist  as  it  issued  from  the  draw-plate. 

To  meet  this  condition  the  drum,  which  was  35|  inches  in  diameter, 
was  placed  in  front  of  a  stand,  upon  which  the  draw-plate  traveled,  in 
a  direction  parallel  to  the  axis  of  the  drum.  The  plate  was  held  and 
wedged  between  the  upright  arms  of  a  carrier,  which  was  given  the  re- 
quired motion  by  an  endless  screw,  situated  in  the  stand  beneath,  and 
driven  at  such  a  rate  that  the  successive  turns  of  wire  lay  close  together 
on  the  drum.  A  smaU  engine  near  the  block  moved  both  the  drum 
and  carrier.  The  speed  of  revolution  of  the  drum  was  regulated  by  the 
throttle  valve  of  the  engine. 

The  speed  of  draught  varies  with  the  size  of  the  wire,  the  surface  of 
the  drum  traveling  about  0.250  of  a  foot  per  second  during  the  first 
draught  and  0.450  of  a  foot  per  second  during  the  tenth.  The  speed, 
however,  is  liable  to  vary  considerably  in  any  one  draught,  owing  to 
the  manner  in  which  it  is  regulated. 

The  approximate  time  required  to  draw  an  80-pound  coil  through  the 
difierent  holes  is  as  follows : 

MlnatoB. 

First  hole 8 

Second  hole 11 

Third  hole 13 

Fourth  hole 15 

Fifth  hole 19 

Sixth  hole 25 

Seventh  hole 29 

Eighth  hole. 30 

Ninth  hole 36 

Tenth  hole 45 

The  speed  of  draught  cannot  be  increased  beyond  a  certain  point  for 
each  hole  without  endangering  the  success  of  the  operation. 

The  draw-plates  used  for  the  present  work  are  of  the  so-called  meteor 
steely  and  have  all  been  obtained  from  England.  The  secret  of  their 
manufacture  is  jealously  guarded,  and  so  far  they  have  not  been  suc- 
cessfully duplicated  in  this  country.  The  work  that  a  plate  is  called 
upon  to  perform,  where  the  wire  is  to  be  drawn  without  annealing  as 
many  times  as  required  under  the  present  contract,  is  very  great,  and 
the  tendency  of  the  hole  to  open  is  only  counteracted  by  using  the 
hardest  and  most  unyielding  plates.  They  are  made  of  crucible  steel. 
Norway  iron  scrap  is  used,  this  being  melted  with  coke. 
The  plates  are  of  the  shape  shown  in  the  figure.    They  are  12  inches 

long  by  5  broad,  and  are  If  inches 
thick.  A  separate  plate  is  used  for  each 
size  or  draught.  The  draw -holes  are 
pricked  with  a  punch  and  hammer  by 
the  workman  drawing  the  wire.  They 
open  with  a  bell-mouth  at  the  outside 
face  of  the  plate,  but  are  straight  and  square  through  the  inner  half  of 


X 
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the  plate's  thickness.  The  operation  of  iirickin^  is  a  delicate  one  and 
requires  considerable  skill.  The  hole  mast  be  kept  to  the  exact  size 
and  its  walls  firm.  The  slightest  inaccuracy  in  striking  the  punch 
causes  it  to  break  off  in  the  hole.  To  make  the  metal  about  the  hole 
unyielding,  the  plate  is  hammered  up  with  a  shnrpfaced  hammer 
during  the  operation  of  pricking.  It  is  laid  flat,  with  its  inner  face 
(where  the  wire  emerges)  uppermost,  and  hammered  smartly  all  around 
the  holes.  This  compresses  and  spreads  the  surix)unding  metal.  By 
alternately  hammering  and  pricking,  the  hole  is  brought  to  the  required 
size. 

The  punches  used  are  the  private  property  of  the  workmen  and  are 
not  ground  to  any  standard,  though  a  taper  of  one  in  five  is  aimed  at. 

The  Nize  of  the  holes  for  the  different  draughts,  as. laid  down  by  Dr. 
Woodbridge,  are  as  follows : 


Niimlwof' ^;j;r**ii*'    Reduction 


1. 
2.. 
3.. 
4. 
6.. 
6. 
7 

8., 

0. 

10.. 


-•I 


Inehei. 

0.4500 
0.31NI3 
0.:]40t 
0.  3074 
0. 27»H 
0. 2:<8.) 
O.'iini 
0. 1850 
0.  KKiO 
O.IS1UO 


Of  size. 


InehcM. 
0.0500 
0. 05:(7 
0. 0472 
0.0417 
0.0306 

0. 0:12:) 

0.02H4 
0.  02ril 
0.  (1220 
0.0 1 'JO 


The  sixth  and  seventh  draughts  are  considered  by  the  workmen  to 
be  the  most  severe,  and  the  ones  during  which  the  wire  is  most  likely 
to  break. 

At  this  stage  the  wire  has  become  very  hard  and  unyielding,  the 
metal  has  been  considerably  fatigue*!,  and  its  ductility  impaired.  The 
loss  <lue  to  breaks  would  in  all  probability  be  diminished  by  giving  the 
wire  a  light  annealing  after  the  tit'th  hole,  which  wouhl  restore  the  metal. 
To  ascertain  the  change  in  ])hysical  properties  which  this  additional 
annealing  would  occasion,  one  coil  was  lightly  anuealed  between  the 
fifth  and  sixth  drau;^hts,  and  a  specimen  taken  from  the  finished  wire 
was  sent  to  Watertown  Arsenal  for  test.  Five  specimens,  10  inches  in 
length  between  shoulders,  gave  the  following  results : 


TcDacity  per 

sqitnie  inch 

of  oriiiinal 

section. 


1 
2 
3 

4 
5 


Poundi. 
13«»,7n0 
laO.  MO 
131,510 
IIH,  050 
130,  (UU 


Ultimate 
elongation. 


Per  eerU. 
2.3 
0.35 
L2 
2.3 
0.8 


Redaction 

of  Ai-ea  at 

ruptare. 


PercMt. 
3.1.1 
40.4 
30.7 
80.7 
38.3 


The  tenacity,  though  still  high,  has  fallen  off  about  45,000  pounds 
per  square  inch  as  compared  with  that  obtained  from  a  piece  drawa 
without  the  additional  aunealiug,  while  the  reduction  of  area  is  aboat 
doubled. 
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The  nltimate  elonp:ntion  nppenrs  to  have  been  but  little  affected, 

Afier  receiving  ten  holes,  the  length  of  a  full  coil  weighing  70  pounds 
•  1 ,000  feet. 

The  wire-drawers,  in  adjusting  the  plate,  give  it  a  slight  cant  to  the 
rear,  for  the  purpose,  as  they  express  it,  of  killing  the  wire,  that  is, 
taking  from  it  the  tentlency  to  spring  out  into  a  large  coil,  which  would 
be<*ouie  unmanageable  when  removed  from  the  drum. 

The  angle  made  by  the  plate  with  a  vertical  plane  was  measured 
during  the  drawing  of  some  selected  billets,  and  was  found  to  vary 
from  20  to  8^.  Dr.  Woodbn<lge  objc^cted  to  the  bend  which  this  method 
pnt  in  the  wire  while  it  was  passing  through  the  draw-jdate,  because  it 
tended, to  extend  the  metal  unequally  on  the  upper  and  lower  faces  of 
the  wire.  To  test  the  necessity  of  introducing  this  bend,  two  coils  were, 
at  his  suggestion,  drawn  without  any  cant  being  given  the  plate.  These 
ooils,  when  removed  from  the  drum  and  allowed  to  freely  expand, 
showed  a  diameter  only  slightly  greater  than  that  of  coils  which  had 
been  drawn  with  the  plate  inclined. 

LUBEICATINQ. 

The  lubricant  used  is  a  matter  of  great  importance,  and  materially 
affects  the  success  of  the  operation.  Two  methods  have  been  employed 
in  the  present  work.  The  wet  process:  In  this  the  coils,  just  before 
passing  to  the  drawing-block,  are  immersed  in  the  copper-coaling  mix- 
ture, consisting  of  suli)liate  of  copper  in  solution,  with  a  certain  i)ropor- 
tion  i)f  rye-Hour  lees.  As  the  coil  hangs  on  the  reel  from  which  it  is 
fed  to  the  block,  it  turns  in  a  trough  containing  the  same  mixture  and 
passes  to  the  i)hite  in  a  wet  coixlition.  The  coi)per  coating  here  acts  as 
lubricant,  and  ])revents  "  cold  welding,"  or  adherence  of  the  wire  to  the 
walls  of  the  hole. 

As  this  method  was  found  not  to  give  entire  satisfaction,  a  modifica- 
tion was  proposed  by  Dr.  VVoodbricige,  an<l  given  a  trial.  The  trough 
into  which  the  coil  di|»ped  when  placed  on  the  reel  was  filled  with  a 
coni]>oun<l  of  glucose  and  lime-water.  The  results  were  not  encourag- 
ing, and  the  wet  ])rocess  was  (inally  abandoned  in  favor  of  the  dry. 

In  this  process  the  coils,  having  first  received  a  light  coating  of  cop- 
per by  heing  immersed  in  the  coppering  soluiion,  are  placed  ou  the  reel 
dry.  Mutton  tallow  is  used  to  lubricate  the  wire  as  it  ]>asses  into  the 
bole.  The  workman  stands,  knife  in  hand,  and  keeps  the  wire  well 
aurronnded  with  the  lubricant.    This  method  has  worked  well. 

According  to  the  terms  of  the  contract  the  allowed  variation  in  di- 
mensions of  the  finished  wire  before  tinning  was  dbO.''001.  In  the 
first  lot  ganged  11)  pieces,  weighing  about  800  ]K)unds,  were  found  in 
which  the  variations  exceeded  that  allowed.  This  generally  o<curred 
at  but  one  end  of  the  piece,  and  as  a  rule  did  not  exceed  ito.^'OOlo,  but 
in  some  instances  approached  0.''002.  As  it  appeared  that  the  wire- 
dniwers  were  unable  to  improve  on  this  degree  of  accuracy,  and  as  a 
rigid  adherence  to  the  contract  in  this  matter  would  require  the  rejec- 
tion of  a  large  quantity  of  good  wire,  the  allowed  variation  was,  on  the 
recommendation  of  the  ins|)ector,  increased  to  i0/'002.  U[)  to  the 
present  time  only  two  pieces  have  been  found  in  which  the  variation 
eixceeded  the  latter  limit. 

BREAKS. 

The  loss  due  to  failure  of  the  wire  to  pass  successfully  through  the 
ten  draughts  has  been  large.  The  scrap  and  defective  wire  will  make 
up  fully  10  per  cent,  of  the  total  weight  of  the  coils  after  rolling. 
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When  it  is  considered  that  the  steel  furnished  the  contractors  was 
very  carefully  selected,  and  that  it  is  pronounced  by  them  to  be  as  good 
stock  as  they  have  ever  worked,  this  high  percentage  of  waste  is  remark- 
able. 

A  variety  of  causes,  which  will  be  noted  below,  have  probably  con- 
tributed to  produce  this  result,  but  I  think  it  may  be  ascribed  primarily 
to  the  nature  of  the  operations  through  which  the  metal  is  required  to 
pass  during  its  transformation  into  wire.  Ten  draughts  without  anneal- 
ing is  a  gre£lt  deal  for  the  best  of  metal  to  be  called  upon  to  stand,  and 
although  many  pieces  even  after  this  show  sufficient  extensibility  to  be 
coiled  about  themselves  without  breaking,  many  others  will  not  bear 
anything  like  this  amount  of  extension.  iS^ow,  though  overheating  the 
billet  would  produce  brittleness,  it  cannot,  I  think,  be  charged  with  oc- 
casioning all  the  trouble.  The  fact  seems  to  be  that  we  are  working 
the  metal  right  up  to  the  limit  that  it  will  stand,  and  any  little  irregu- 
larity in  the  operation,  which  in  ordinary  drawings  would  be  of  small 
consequence,  occasions  disastrous  results. 

The  scrap  consists  of  short  pieces  which  have  broken  off  in  drawing, 
and  which  weigh  less  than  twenty  pounds,  and  certain  long  pieces 
which  have  either  broken  repeatedly  or  shown  other  defects,  such  as 
notching  on  the  comers,  which  render  further  drawing  unadvisable. 

The  defective  pieces  of  wire  may  be  classed  under  four  heads: 

1.  Those  which  pull  down  in  the  draw-plate  without  breaking,  but 
afterwards  show  an  almost  total  lack  of  flexibility.  Such  a  piece  can 
be  easily  broken  in  the  hands.  Here  the  metal  has  probably  been  over- 
heated or  burnt  while  still  in  the  billet. 

2.  Pieces  which  are  jointy  or  notched  along  the  comers.  This  may 
be  occasioned  either  by  overheating  or  a  defect  in  the  walls  of  the  hole. 

3.  Pieces  which  have  parted  in  drawing,  giving  an  irregular  fracture; 
and 

4.  Those  which  on  breaking  show  a  "  pipey ''  structure.  The  causes  of 
the  last  two  classes  of  fracture  have  not  been  satisfactorily  determined. 
The  pipey  structure  shown  in  many  cases  would  seem  to  indicate  that 
something  in  the  nature  of  the  metal  itself  determined  the  break.  In- 
deed, the  wire-drawers  claimed  to  be  perfectly  familiar  with  the  origin 
of  the  trouble,  assigning  it  to  an  excess  of  silicon  in  the  steel.  To  settle 
this,  specimens  illustrating  the  different  kinds  of  breaks,  as  well  as  a 
piece  of  good  wire,  were  sent  on  to  Watertown  Arsenal,  and  analyzed 
by  Captain  Pitman,  Ordnance  Department.  The  results  of  the  analysis 
were  puzzling,  and  hardly  led  to  any  conclusion  as  to  the  cause,  though 
they  appeared  to  dispose  of  the  theory  that  excess  of  silicon  was  the 
trouble,  since  the  piece  which  was  piped  contained  the  least  percentage 
of  silicon  of  any  examined. 

In  these  analyses  pieces  of  five  or  six  inches  in  length  were  used,  and 
it  is  possible  that  differences  in  the  composition  of  the  steel,  existing  ac 
the  immediate  point  of  fracture,  might  have  been  lost  sight  of  in  the 
general  result  obtained  from  the  whole  piece.  If  minute  quantities  of 
filings,  taken  from  the  fractured  surfaces  both  at  the  center  and  outside 
of  the  wire,  could  be  examined,  the  variations  in  composition  might  be- 
come apparent. 

At  the  present  time  the  origin  of  the  breaks  can  in  many  cases  only 
be  conjectured.  The  following  causes  may  be  mentioned  as  materially 
influencing  the  amount  of  loss : 

(1)  Character  of  the  metal.  Experience  so  far  gained  goes  to  show 
that  the  softer  billets  stand  the  operation  better  than  the  relatively 
harder  ones.    Probably  in  future  lots  of  steel  furnished  for  wire-draw- 
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^Kj  ^  P^r  cent,  contraction  of  area  had  better  be  required  instead  of 
50  per  cent.,  as  in  the  present  case,  even  at  the  expense  of  a  sacriiice  in 
the  tenacity  of  the  steel  in  the  billet  form. 

(2)  Degree,  length,  and  uniformity  of  heating  secured  by  the  billets. 

Cd)  Nature  of  the  draw-plates  used ;  accuracy  and  smoothness  of  the 
hole.  Undoubtedly  a  number  of  breaks  may  be  directly  charged  to 
some  defect  in  the  plate. 

(4)  Kind  of  lubric^ant  used.  According  to  the  statement  of  the  work- 
men the  loss  was  greater  during  the  continuance  of  the  wet  process 
than  it  has  been  since  tallow  has  been  the  lubricant  employed. 

TINNINa. 

The  wire  is  required  to  be  tinned  and  wiped  in  the  most  perfect  man- 
ner;  and  to  present  any  alteration  in  the  properties  of  the  metal  during 
the  operation,  the  temperatureof  the  tinning  bath  is  kept  down  to  500o  F. 

Experiments  were  undertaken  to  determine  the  best  method  of  tin- 
ning.   Three  plans  were  tried. 

(1)  Tinning  as  a  final  operation,  after  the  drawing  had  been  com- 
pleted ;  (2)  tinning  after  the  ninth  hole  was  passed,  the  wire  receiving 
the  tenth  and  last  hole  after  the  coating  of  tin  was  applied;  (3)  tinning 
after  the  eighth  hole. 

A  good  coating  was  obtained  by  each  of  these  methods,  that  in  which 
the  coat  was  given  after  the  ninth  hole  appearing  the  best.  The  ob- 
jection to  tinning  as  a  final  operation  was  mainly  the  difficulty  experi- 
enced in  perfectly  wiping  the  wire.  The  asbestus  cloth  used  for  this 
pur|>ose  was  apt  to  be  worn  away  by  the  sharp  corners  of  the  wire,  and 
on  the  last  portions  of  a  long  coil  the  tin  was  sometimes  found  clotted 
in  s{>ots  on  the  sides  and  edges.  It  was  thought  that  when  the  wire  re- 
ceived a  hole  after  tinning,  the  coat  was  not  only  more  evenly  distrib- 
uted, but  also  more  firmly  united  to  the  steel  beneath.  To  settle  the 
question  specimens  were  prepared  illustrating  the  three  methods,  and 
8ent  by  direction  of  the  Chief  of  Ordnance  to  Watertowu  Arsenal  for 
examination. 

The  tests  were  made  by  Captain  Pitman,  Ordnance  Department,  and 
had  tor  their  object  the  determination  of  the  relative  thickness  and 
evenness  of  distribution  of  the  coating  in  the  three  cases.  The  results 
showed  a  slight  advantage  in  favor  of  the  coating  applied  after  the 
ninth  hole.  Subsequent  experiments  conducted  by  Dr.  Woodhridge 
to  determine  the  comparative  weldability  of  the  tinned  wire  led  to  the 
adoption,  however,  of  the  method  in  which  the  tin  was  applied  after  the 
completion  of  the  drawing. 

A  special  plant  was  put  up  for  tinning  this  wire,  but  afterwards 
abandoned  for  the  regular  plant  used  for  ordinary  commercial  wire.  In 
the  plant  first  used  the  wire,  on  emerging  from  the  tinning-bath,  passed 
through  the  wiper  and  into  a  metal  pipe  through  which  a  blast  of  cold 
air  was  forced  to  cool  the  coating.  The  drum  on  which  the  wire  was 
coiled  was  given  a  motion  perpendicular  to  the  wire,  or  parallel  to  its 
axis,  the  wire  passing  through  two  horizontally  placed  grooved  rollers, 
just  before  reaching  the  drum,  to  keep  it  from  twisting ;  the  object  of 
using  the  air  blast  instead  of  a  water  bath  for  cooling  being  to  obvi- 
ate the  necessity  of  bending  the  wii^e  during  the  operation. 

One  objection  to  this  arrangement  was,  thatowing  to  the  considerable 
distance  l)etween  the  wiper  and  drum,  necessitated  by  the  coldair  pipe, 
a  large  T>iece  at  the  end  of  each  coil  was  not  tinned.  One  end  had  to  be 
attached  firmly  to  the  drum  and  passed  thi*ough  the  rollers  before  the 
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tiDning  commenced.  A  leader  could  not  be  aaed,  as  the  joint  made  by 
fastf^ning  it  to  the  wire  would  be  caught  as  it  passed  the  guiderollers. 
To  o])en  the  rollers  momentarily  as  the  joint  approached  them  would 
render  the  wire  liable  to  be  caught  corner  wise  and  twisted  as  it  passed 
to  the  drum,  and  when  once  started  on  its  way  through  the  tinning  bath 
a  coil  cannot  be  stopped,  even  for  a  moment,  without  causing  the  tin  to 
chill  at  the  wi])er  and  form  a  lump  on  the  wire. 

Another  and  still  more  serious  objection  was  the  ineflBciency  pf  the 
air  blast  in  cooling  and  hardeiiing  the  coating.  When  the  wire  reached 
the  drum  the  tin  was  still  soft,  and  was  found  to  have  rubbed  off  m 
spots. 

The  coldair  method  of  cooling  was  therefore  abandoned  in  favor  of 
the  ordinary  method,  in  which  the  wire  runs  through  a  water-trough. 

The  plant  was  that  ordinarily  used,  except  that  a  large  drum,  30 
inches  in  diameter,  was  made  lor  cooling  the  wire. 

The  only  objection  to  this  change  of  plant  was  the  possibli^  one  of 
the  wiie  receiving  a  cant  or  twist  during  the  operation.  This  was 
found,  however,  not  to  be  the  case,  the  tension  being  too  light  to  have 
any  permanent  effect.  Some  of  the  coils  have  a  slight  caut,  but  this 
has  been  caused  by  operations  undergone  before  tinning,  probably  most 
often  to  want  of  perfect  parallelism  of  the  walls  of  the  hole  in  the  draw- 
plate. 

The  operation  as  now  performed  is  as  follows :  The  coil,  first  soaked 
in  a  dilute  solution  of  hydrochloric  acid,  which  has  been  killed  or  par- 
tially neutralized  by  lead,  is  placel  on  a  wooden  reel,  fn»m  which  it  is 
fed.  Alter  going  through  a  wiping  cloth,  kept  saturated  with  the  acid 
mixture,  it  bends  down  and  passes  through  the  bath  of  molten  tin. 
The  tub  is  built  of  brick,  with  the  furnace  beneath  the  bath.  The  tem- 
perature of  the  melted  metal  is  regulated  so  that  a  soft  pine  stick  will 
just  smolder  in  it,  or  at  about  5ooc*  F.  On  emerging  from  the  bath  it 
goes  through  a  guide-plate,  where  it  is  wiped  by  a  rope  of  asbe>-tu8 
fiber  wound  tightly  anmrnl  it.  It  next  enters  the  cooling-trough,  which 
is  filled  with  castile  soap  and  water;  it  is  wiped  with  cotton  waste  on 
ccmiiuLf  out,  and  wound  on  the  drum. 

The  coils  always  receive  two  coats,  sometimes  three,  and  more  rarely 
four  coats  are  required  to  give  a  perfect  coating.  Any  spots  of  rust  on 
the  wire  before  tinning  greatly  increase  the  difficulty  of  the  operation. 


Appendix  48. 


PROGRESS  REPORT  ON  THE  S-INCff  YATES  BREECJff-LOADING  RIFLE, 
BY  THE  BOARD  FOR  TESTING  RIFLED  CANNON,  APPOINTED  UNDER 
ACT  OF  JULY  5,  1884. 

This  gun  was  transferred  to  the  '*  Board  for  Testing  Rifled  Cannon, 
&c./'  for  test,  by  instructions  from  the  Chief  of  Ordnance,  U.  8.  A., 
dated  February  3,  1885. 

The  gun  is  converted  from  a  10-inch  Rodman  smooth-bore  gun, 
lengthened  2  feet  by  means  of  a  cast  iron  extension  piece,  and  lined 
with  a  Naj^hua  steel  tube.  The  Board  is  not  in  possession  of  any  data 
relating  to  the  physical  properties  of  the  tube  or  breech  clamps.  For 
d€*tailed  description  of  gun,  dimensions,  &c.,  the  Board  would  respect- 
fully refer  to  the  construction  report  of  the  8-inch  Yates  rifle,  made  by  the 
^spector  of  Ordnance  at  Boston,  Mass. 

PBESENCE  OP  INVENTOR. 

The  inventor.  Colonel  Yates,  was  allowed  to  be  present  during  the 
trials,  and  to  make  whatever  changes  he  desired  in  the  gas-check  or 
breech  mechanism  upon  the  approval  of  the  Chief  of  Ordnance,  U.  S.  A. 

EXPEBIMENTS. 

These  were  conducted  at  the  Ordnance  Proving  Grounds  at  Sandy 
Hook,  N.  J. 

PEOJBCTILES. 

The  8-inch  Hotchkiss  projectiles  were  used  for  all  the  firings. 

POWDEES. 

Du  Pont's  hexagonal  powders  E.  V.  L.  and  E.  V.  F.,  density  1.760  and 
granulation  72,  were  used,  as  these  were  the  grades  of  powder  used 
heretofore  in  trials  of  8  inch  guns. 

X 

RESULTS  OF  PIKING. 

The  total  number  of  rounds  fired  up  to  the  present  time  is  16.  The 
details  ot  the  firing  will  be  f  und  in  the  firing  record  and  table  of  en- 
largernents  appended  to  this  re|>ort.  The  following  table  shows  the 
pressures  and  velocities,  with  the  different  charges  of  powder  used. 
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Table  I. — Velodiiea  and  preisvres. 


IGiin:  8-inch  Yatoa  breech-loading  rifle,  lined  with  a  Kashna  (K.  H.)  steel  tnbe.  ProfteUU:  8  inch 
flotohkUs;  weieht,  18L  ponnda.  Powder:  Du  Pout's  hexagonal  £.  V.  L.;  density,  1.750;  jEraiiiila> 
tiun,  72.  InttrumenU:  For  veloolty,  2  Le  Boalen^A  rhrouoKrapba  (mean  taken) ;  for  preasare, 
Crusher  ffanee.  Number  of  rounds  flred  with  each  powder  oharKe,  two  (and  mean  taken).  Ins^n- 
mental  Telooity  taken  at  109  feet  from  maszle.] 


Date. 

Powder 
charge. 

Instmmeotal 
Telocity  (mean). 

Presanre  (mean). 

BecolL 

1 

1885. 
March  11 

Pcundt. 
20 
25 
80 
85 

FbsL 

1,080.6 
1.235 
1,384 
1,483.5 

Poundt  tq,  inch. 

•18,000 

18,725 

25,650 

30, 175 

FeeL 
3.38 
3.01 
4.83 
4.73 

March  11 

March  11  and  12  .. 
March  12 

Maximum  . . 

1,505 

80,800 

4.77 

*  Leas  than. 


The  following  table  gives  the  additional  pressures  obtained  with 
powder  charges  of  35  pounds;  velocities  not  taken. 


Tablb  II.—Pre»Bure». 


Knmherof 
roonda. 

1 

Powder. 

Weight  of 
projectile. 

Presanre  (mean). 

Bemarka. 

B.V.L. 
B.  V.  L. 
K.V.L. 
B.  V.  F. 
KV.F. 

Founds. 
177 
181 
182 
180 
181 

Poundt  tq.  inek 
82.825 
84,700 
84,200 
34.176 
88,775 

Maximnm  preaanre  equals  84,il26  poonds. 

The  B.  V.  F.  powder  gave  in  this  last  roand 
a  hiiihvr  premure  than  waa  deaired;  i 
35,0u0  pounda  being  about  the  maximnm  i 
limit  fixed.                                                  , 

1 

ENLARGEMENT  OF  BORE. 

The  gun  was  star-gauged  before  the  1st  and  after  the  5th,  8th,  and 
16th  rounds.  The  record  shows  that  from  the  muzzle  to  122  inches 
from  the  muzzle  there  was  practically  no  enlargement.  After  the 
5th  round  the  enlargement  was  perceptible  from  122  inches  to  I'M 
inches  (bottom  of  rifling)  from  the  muzzle.  The  enlargement  varied 
from  0.001  inch  at  122  inches  to  0.006  inch  at  136  inches,  though  the 
highest  pressure  was  only  26,200  pounds,  and  that  only  in  the  last 

round. 

After  the  8th  round  this  enlargement  had  increased  to  0.002  inch 
at  122  inches,  and  to  0.016  inch  at  136  inches,  with  the  highest  press- 
ure equal  to  30,800  pounds,  which  indicates  a  very  soft  steel  in  the 

tube. 

After  the  16th  round  the  enlargement  of  the  bore  was  found  to  be 
0.004  inch  at  122  inches  and  0.020  inch  at  136  inches  from  the  muzzle. 
The  increase  iu  diameter  was  uniform  between  these  points. 

REMARKS. 

The  tin  powder-case  was  intended  to  be  expanded  into  the  annular 
grooves  cut  on  the  interior  of  the  brass  gascheck,  and  to  be  with- 
drawn with  the  *' cartridge-head "  or  gas-cbeck.  In  no  case  did  it 
act  as  intended.    The  pewter  bottom  of  the  can  became  detached  each 
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time  it  was  used,  and  the  case  remained  in  the  bore  and  was  removed 
with  a  rammer.  This  tin  case  is  useless  and  dangerous  in  that  if,  by 
accident,  it  sbonld  be  left  in  the  bore,  it  might  cause  wedging  of  the 
shot  and  endanger  the  gun.  The  long  brass  gas-check  did  not  act  sat- 
isfactorily, as  in  firing  it  was  swaged  out,  becoming  firmly  sealed  in  the 
bore,  and  rendered  the  opening  of  the  breech-clamps  dif^cnlt ;  in  fact, 
practically  converting  the  gun  into  a  muzzle-loader.  This  gas-check, 
even  after  the  reduction  to  6  inches  in  length  and  turning  the  interior 
to  cup-shape,  had  to  be  removed  by  ramming  from  the  muzzle.  At  the 
9th  round  a  steel  gas-check  9  inches  Ion?  was  substituted  for  the  brass 
one,  but  still  a  resort  to  ramming  from  the  muzzle  was  necessary  for 
removal. 

At  the  14th  round  a  compound  gas-check,  consisting  of  copper  and 
steel,  was  substituted,  which  was  removable  by  the  extractor. 

The  difficulties  encountered  in  opening  the  breech  mechanism  are 
shown  in  the  firing  record.  The  locking  latches  and  locking-plate  not 
being  able  to  hold  the  clamps  together  in  firing,  the  rear  end  of  the 
clamps  has  been  turned  off,  leaving  a  cylindrical  projection— one- half 
on  each  clamp— over  which  is  fitted  a  circular  retaining-cap  of  steel  to 
prevent  the  clamps  fl.ving  open  and  striking  the  cheeks  of  the  gun-car- 
riage at  each  fire,  as  has  been  found  to  occur.    (See  firing  record.) 

In  order  to  reduce  the  pressure  in  the  bore,  at  Colonel  Yates's  request 
(see  his  letter  of  May  8,  1885,  Ordnance  Office  file  104  I  of  1885)  and 
with  the  approval  of  the  Chief  of  Ordnance,  the  Board  is  having  the 
chamber  lengthened  2  inches,  giving  more  air  space  and  diminishing 
the  density  of  loading.  Colonel  Yates  has  also  requested  that  a  radial 
vent  be  provided  instead  of  the  axial  one  first  used. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance j  President  of  the  Board. 

F.  H.  PAKKBR, 

Major  of  Ordnance. 
GEO.  W.  MoKBE, 

Major  of  Ordnance. 
CHAELBa  SHALBR, 

Captain  of  Ordnance. 
D.  A.  LYLB, 

Captain  of  Ordnance. 
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Beoard  of  firing  with  8-fRdk  Yates  Inreeok-loadkif  rifk 


o 
u 

s 

1 

1 

Time. 

Powder. 

Projectile,  i 

1 

Pressure  per  square 
inch  of  uore  (new 
crusher). 

Instrumental  velocity 
109  feet  from  muz- 
sle. 

• 

• 

Kind. 

• 

Kind. 

A.  K.—Barometer, 
30.405:  thermometer, 
21.7;  humidity,  58. 

1865. 
Mar.  11 

Lb*. 
20 

' 

Lh*. 

181 

1 

1 
—35 

Lbt. 
18,000 

Fest 
1,086 

Fett 
133 

» 

2 

Mar.  11 

20 

181 

-14 

18,000 

1,076 

3.81 

3 

Mar.  11 

25 

181 

—20 

19,000 

1,236 

3.56 

P.  H.^  Barometer, 
80.311 ;     thermome-  j 
ter,  28.8;  humidity, 
87. 

4 

Mar.  11 

e4 
I- 

3 

25 

• 

f 

a 

O 
'  «  < 

•3 

181 

—20 

18,450 

1,234 

3.67 

6 

Mar.  11 

9 

1 

80 

M 

1 

M 

181 

-80 

.    26.200 

1.381 

4.83 

A.H. 

6 

Mar.  12 

• 

30 

181 

-25 

25,  KO 

1.387 

4.83 

Barometer, 
80.037;     ther-, 
moraeter,34.1;' 
humidity,  69. 

A.M. 

7 

Mar.  12 

35 

181 

—80 

80,800 

1,605 

4.n 

P.M. 

8 

Mar.  12 

M 

35 

181 

-90 

29,560 

1,482 

4.08 

A.  H.~Barome 
29.H13 ;     therm 
ter,  48.7;  hnmi 
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at  Sandjf  Book,  N.  J.,  from  March  11  to  May  6,  1885. 


Wind,  fttrength,  ud 
direction. 


From  Teftr  and  right 
4|0;  24  mUea  an^ 
hoar. 


r  71 


From    rear 
>    and  rights 


10 


0 

O 


a 


From  front  and  left 

>    4SO;    6  miles  ao< 
hour. 


I 


> 


From  front  and  left 
480;   16  milee  an-{ 
hoar. 


Special  remarks  about  each  fire,  snch  as  effect  on  piece,  sound  of  pngectile 

in  fiigbt,  scattering  of  fragmenu,  Sec. 


The  tin  powder-case  was  oat  off  to  a  length  of  12)  inches  to  adapt  it  to 
the  redaced  charge.  Opened  with  nome  difficulty  after  firing  bj  ham- 
mering the  lever.  The  gaarheck  ooalil  not  be  removed  b>  extractor, 
but  wss  dnv«)n  oat  fh>m  mazxle  with  a  rammer.  There  were  traces 
of  ffss  on  out«*r  sui-fsce  of  gas-chock,  near  the  f^nt  part,  but  no  escape 
in  this  or  subseqaeut  rounds. 

The  tin  powder-case  was  cnt  off  to  a  length  of  124  inches  to  adapt  it  to 
the  redaced  charge.  Opened  after  firing  with  slightly  less  dlfflcplty ; 
gas-check  removed  as  before. 

Tin  powder-case  cut  to  length  of  cartridge.  Gss-check  had  been  tamed 
down  over  lip  ^  inch  and  slightly  eased  over  outer  surfsce,  Ineludiog 
base.  Four  men  were  requited,  with  rope  on  end  of  handspike,  to 
open  gun  after  firing,  and  even  more  on  heavy  timber  at  muzzle  to 
eject  gas-check. 

Tin  powder-case  cat  to  length  of  cartridge.  Gas-check  had  been  tamed 
down  over  lip  ^  inch  and  slightly  eased  over  outer  surface,  including 
base.  Four  men  were  required,  with  rope  on  end  of  handspike,  to 
open  gon  after  firing  and  even  more  on  heavy  timber  at  muzzle  to 
eject  eas-check.  The  right  half  of  breech  closure  ap  to  this  round  was 
alone  Dearing  properly. 

Before  this  round  the  brass  jzas-obeck  was  slightly  filed  down  on  the 
oatside  so  as  to  fit  more  essfly  in  chamber,  ami  alter  each  round  fk-om 
8  to  lU  men,  working  on  a  heavy  timber  in  the  bore,  had  the  greatest 
difliculty  in  removing  it.    Breech  driven  opeu  by  wedges. 

Before  this  round  the  brass  check  was  slightly  filed  down  on  ootside  so 
as  to  fit  it  more  easily  in  chamber.  The  breech  closure  was  found 
slightly  open  after  each  round,  but  at  this  one  it  was  open  to  the  extent 
of  a '.175,  Just  above  the  firing  pin.    Locking  spring  broke. 

Before  this  round  the  brass  gascheck  was  sHiEhtly  filed  down  on  the  out- 
side so  as  to  fit  it  more  easily  in  chamber.  Bieeoh  closure  opened 
0".275.  Lo<*'k  wired  down.  Breech  driven  open  by  wedges.  The  left 
side  of  breech  closure  found  now  to  be  bearing. 

Gas-check  cut  to  6  incheB  length  and  hemispherical  base  reamed  out  to 
cap  shape  and  generally  eased  on  outside.  Breech  closure  opened 
0".300.  Lock  wired  down.  Breech  ooeneil  with  less  diflHoulty  with 
handspike  aad  rope,  and  gas-cht»ok  removed  with  much  less  difficulty 
by  timber  In  bore. 

Gan  star-gauged  before  1st  and  after  5th  and  8th  ronnds. 

Breech  opened  2^  inches.  Steel  gas-check,  9"  long,  used.  Removed 
easily  by  timber  in  bore  of  gun. 

Breech  opened  3  inches.  Cartridgn  bag  and  no  tin  case  used.  Check 
removed  as  above.    Left  lever  pin  brukeo. 

There  were  two  fHilures  to  fire,  due  to  the  firing  pin  striking  steel  gas- 
check  instead  of  head  of  priming  cartridge. 


Steel  gas-check  and  new  lever  pins 
inserted. 


Steel  ns-oheck.    Locking   catch 
wirea  down. 


Before  firing  this  ronnd  the  old 
locking  catch  was  replaced  by  a 
new  and  heavier  one  of  steel. 
Breech  closure  open  2.8  inches, 
having  first  struck  cheeks  of 
carriHge  and  reiionnded.  ("atoh 
broken.  Gns-cheok  removed  by 
extractor.  No  escape  of  gas  ex- 
cept through  vent. 

Breech  dosnre  opened  \^  inches, 
having  tirst  struck  cheeks  of  car- 
riaifC,  as  before.  Gas-check  re- 
moved bv  liifht  taps  with  rammer 
from  muzzle.  Escape  of  gas 
through  vent,  as  before.  AU 
lever  pins  broken. 
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Hookf  N.  J,,  from  March  11  to  May  6,  1885 — Continued. 


Wind,  8treD|cth  and 
dlreotlon. 


Fram   front  and   left 
Vt^i  16  mile*  an  hoar. 


From  Aront  and  rifEht 
4S9rW  mileaan  hour. 


From  ftxmt  and  right 
dP;  26  xnilea  an  honr. 


From  flront  and  right 
8^;  10  miles  an  hoar. 


Special  remarhs  aboat  each  fire,  aaoh  as  effect  ob  piece,  soond  of  projectile 

in  flight,  scattering  of  fhtgments,  Sco, 


d 
.o 

'^ 

a 

o 
a 

1 


Steel  gas-oheok.  Locking  catrh  re- 
placed  by  wronghtiron  plate  1^ 
inchen  thick,  Sincfaes  wide,  fitting 
on  two  2^-iuch  steel  pins.  AU 
lever  pins  replaced.  New  cen- 
tral-fire metallic  cartridge  ased 
for  piimer.  Tin  cartridge  case 
ased. 

Compound  gas-check,  consisting 
of  copper  cup,  pinned  ti>  steel 
base.  A  tin  funnel  was  noUlered 
to  inaide  of  tin  cartridge  case 
with  a  view  of  closing  vent. 


New  locking  plate  and  right  pin 
and  new  filing  pin  put  in  bfiore 
tms  round ;  also  new  steel  cart- 
ridge case  for  primer. 

Bight-hand  locking  pin  wedged  be- 
ibre  firing.  Hollow  brasf*  tube 
18  inches  long  soldered  to  base  of 
cartridge  case  to  secure  trout 
ignition. 


Breech  closure  opened  about  |  in<^, 
slightly  bending  right  locking 
pin.  Gas-check  removed  by  tap- 
ping with  rammer  from  miissle. 
jrriming  cartridge  case  disap- 
peared, and  Oftcape  of  gaa  as  be- 
fore, through  vent. 


Breech  closure  opened  )  inch,  break- 
ing wrougfat-Iron  plate  on  right 
side.  Point  of  firing  pin  broken. 
Some  CHcape  of  gas  through  vent^ 
as  bef<»re.  Gas-check  removed 
easily  by  extractor. 

Oas-check  removed  easily.  No  es- 
cape of  gas.  Right-hand  locking 
pin  bent.    Breech  open  0".2. 


Bight-hand  locking  pin  broken  off. 
Ko  escape  of  gas.  Breech  open 
0".35. 
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Table  of  enlargement  ofS-inoh  Yatee  breech'lo<iding  ri/Ia~ Continued. 
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TRIAL  OF  THE  Z,^INCH  BREECH-LOADINQ  STEEL  RIFLE,  BY  THE  BOARD 
FOR  TESTING  RIFLED  CANNON,  fo,,  APPOINTED  UNDER  THE  ACT  OF 
CONGRESS  APPROVED  JULY  5,  1884. 

(3  plates.) 

The  3.2-inch  breech-loading  steel  rifle  was  transferred  to  this  Board  by 
the  Ordnance  Board  on  August  1,  1884,  pursuant  to  the  letter  of  the 
Chief  of  Ordnance,  dated  July  24,  1884. 

The  description  of  the  gun  is  given  in  the  construction  report  from 
Watertown  Arsenal,  made  by  Maj.  F.  H.  Parker,  Ordnance  Depart- 
ment (see  Report  of  Chief  of  Ordnance,  1884,  appendix  33,  pages  509, 
et  seq.),  and  in  Report  "So.  25  of  the  Ordnance  Board  for  1884. 

FIBINGS. 

The  first  60  rounds  were  fired  by  the  Ordnance  Board  before  the 
transfer  to  this  Board.  The  report  of  this  firing  will  be  found  in  Ap- 
pendix 14,  pages  141,  et  seq,^  Report  of  Chief  of  Ordnance  for  1884. 

The  next  184  rounds  were  fired  by  this  Board,  making  244  rounds  in 
all,  and  the  results  given  in  its  progress  report  published  as  Appendix 
22,  Report  of  Chief  of  Ordnance  for  1884,  pages  277  et  seq. 

The  firings  covered  by  this  report  extend  from  the  245th  to  the  1800th 
round,  both  inclusive,  or  1,556  rounds. 

The  firing  records  appended  and  forming  part  of  this  report  contain 
all  the  details  of  the  trials.  The  total  number  of  rounds  fired  from  this 
gun  is  1,800. 

OABBIAGES. 

These  call  for  no  special  remark  since  the  gun  alone  comes  within  the 
province  of  the  Board's  action.  It  may  be  stated,  however,  that  differ- 
ent carriages  were  used  during  the  trials,  viz,  the  steel  carriage  made 
at  Water  vliet  Arsenal,  an  old  iron  12-pounder  field-carriage,  and  the  30- 
pounder  Parrott  carriage. 

PBOJBOTILES. 

The  projectiles  chiefly  used  in  the  trials  were  the  solid-band  experi- 
mental shell;  copper  band,  3.3  inches  in  diameter,  0.5  inches  wide-^hev- 
eled  front  and  rear — weight  13  pounds  (See  Plate  I,  Ordnance  Board 
Report;  Api>endix  15,  Report  of  Chief  of  Ordnance,  1884,  page  155.) 

Some  experimental  shrapnel  were  also  fired.  The  classification  and 
number  of  rounds  fired  with  each  kind  is  given  below. 
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Table  A. — ProfMiiles  used  during  the  firing, 

[CflanifUation i  A.  Solid-band  experimental  sboll;  band,  8.8"  diameter,  0.5"  wide;  beveled  front  and 
rear ;  weifcht,  18  ponnds.  B.  Ezpertmeotal  sbrapoel  receivt-d  fh>m  Wntertown  Arsenal  April  15, 1885 ; 
weifcht.  18  poonds.  C.  Sbrapnf  1 ;  bram  band ;  weight,  12.6  poundH.  D.  8ame  as  A,  with  bead  cut  off 
and  brass  bead  fW>m  sbrapnel  screwed  on ;  weigfat,  12  pouiias.  Metallic  time-lnzes  set  to  explode  in 
6  Moonds.  In  round  1,200  sbell  burst  in  or  near  gim.  "E.  Same  as  C.  Plunger  fh>m  German  fuze  with 
wings  off.  J 


Projectile. 

No.  of  ' 
rounds.' 

1 

No.  of  fire. 

From— 

To- 

Class  A.... 
Class  B.... 
ClaasC  .... 
Class  B... 
ClasaC  .... 
Class  A.... 

Class  B 

Class  A.... 
Class  B.... 
ClaasC*... 

Class  A 

Class  B 

Class  D.... 
ClassA.... 

767 
1 

1 
4 
8 

1 

866 

1 

4 

28 

I 

600 

1 

7OT 

758 

750 

768 

766 

800 

801 

1,167 

1.168 

1,172 

1,105 

1,106 

1,200 

1.800 

760" 

764 
767 

802 

■"  i'ioo 

1,173 
1,106 
1,100 
1,201 

1,800 

1 

*  Weight,  12.75  pounds. 


POWDEBS. 


Da  Pout's  powders  were  ased  throaghout  the  experiments.  The  fol- 
lowing kinds  wiere  employed :  IKD  and  1KB,  each  having  a  density  = 
1.725,  and  granulation  of  2,200 ;  LX,  LXA,  LXB,  each  with  density  = 
1.706,  granulation  270;  and  LY,  with  a  density  =  1.662,  and  granula- 
tion 270. 

Only  2  rounds  were  fired  with  LY  powder,  3  with  1KB,  19  with  LX, 
and  142  with  LXA. 

The  principal  firing  was  done  with  the  IKD  and  LXB  powders,  the 
former  being  used  in  700  rounds  and  the  latter  ip  600  rounds,  making 
1,556  rounds  fired  since  date  of  report  upon  first  244  rounds. 

GAS-CHECKS. 

Two  kinds  of  gas-checks  were  used — the  Freyre  and  De  Bange. 
These  are  described  and  figured  in  the  rep<»rt  of  the  Ordnance  Board 
published  as  Appendix  14  in  Keport  of  Chief  of  Ordnance  for  1884,  pages 
141  et  8€q.  N 

EXPERIMENTS. 

These  were  made  at  the  ordnance  proving- grounds  at  Sandy  Hook,  New 
Jersey. 

RESULTS  OF  FIBIMG. 


The  details  of  the  firing  trials  are  given  in  the  firing  records  and  table 
of  enlargements  of  bore  and  chamber  appended  and  forming  part  of  this 
report. 

PEESSUBES  AND  TELOCITIES. 

A  summary  of  the  pressures  and  velocities  obtained  with  the  several 
kinds  of  powder,  using  a  charge  of  3.5  pounds  with  a  13-i>ound  pro- 
jectile, is  given  below  in  Table  B. 
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The  complete  tabulation  of  pressures  and  velocities  for  the  above 
charge  will  be  foand  appended  in  Table  I. 

Table  B. — Ahatraot  of  preaaurea  and  valoeitiea. 
[Weight  of  powder-ohftTge,  3.5  pounds ;  weight  of  projectile,  13  pounds.] 


Mean  of 
rounds. 


4 

3 

3 
3 

4 
6 
6 
4 

1 

9 
6 


Eind. 


Instrumental  Telocitj'. 

Pressura 

per  sq  nan 

inch. 

From 
muxsle. 

Vel"i'lT% 
par  second. 

Feet. 
100 

luo 

100 
100 
128 
128 
107 

luo 

Feet. 

1.648 
1.  6'.'4 
1.  iUM 
1.644 
1,621 
1,627 
1,  .%8l 
1,594 
1,5**.* 
1.595 
1.686 

Pofiftftdt. 

30,  ft.  7 

'33.666*** 
30. 591 
30  M5 
31.208 
28,929 

100 

100 

100 

35.933 

Table  II  gives  all  the  pressures  and  velocities  taken  in  which  some 
of  the  elements,  such  as  weight  of  powder  charge,  &c.,  differed  from 
the  conditions  given  in  Table  I. 

The  LXB  powder  gives  higher  pressures  and  velocities  than  the  IKD 
powder.  With  3.5pound  ciiarges  LXB  gave  a  mean  velocity  of 
1,686  feet  per  second  with  a  pressure  of  35,933  pounds  per  square  inch. 
In  umng  the  Freyrt  gas  check  the  powder  space  is  greater  than  with 
the  De  Bange,  and  th«  charge  was  increased  to  3.75  pounds  to  give 
about  the  same  density  of  loading  and  maintain  the  pressures  and 
velocities  at  about  same  as  those  obtained  with  the  3.5-ponnd  charge 
and  De  Bange  check. 

The  following  is  a  summary  of  the  velocities  and  pressures  obtained 
with  3.75-pound  charges  of  LXB  powder: 

Table  C. — Abaircuit  afpraaauraa  and  velocitiea  obtained  with  Z.7bpounda  of  LXB  powder. 


Xeaa  of 

roiimda. 

Pressure 

pai  ^Quare 

incn. 

Velocity 
per  second. 

Bemarka. 

2 
3 
3 

P&unda. 
36.100 
34  600 
35.063 

Feet. 
1,715 
1.740* 
1,748.6 

• 

Oun  cold. 
Gun  hot 

*  The  mean  of  the  first  two  rounds  in  this  group  is  1,747  feet  per  second.    The  third  ronnd,  for 
reason,  dropped  to  1,728  feet  per  second,  whieh  lowered  the  mean  to  1,740.3  feet  par  second. 

BANGS. 


The  ranges  of  this  gun,  for  differences  of  2®  in  elevation,  were  deter- 
mined beginning  with  2^  and  ending  with  20<^  elevation,  the  limit  per- 
mitted by  the  carriage.  The  time  of  flight  and  deflection  of  the  pro- 
jectiles were  also  observed.  Table  IK  shows  all  the  details  of  the  firing 
for  range.    A  summary  of  this  table  is  given  below  in  Table  D. 
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Table  D. — Time  of  flight,  maximvm,  minimum,  and  mean  ranges  and  deflection  of  project 

tileafor  the  Z.U-inch  etetl  fltld-gun. 


TardM. 
1,01)8 
2,376 
3.  "M 
3.653 
4.166 
4.853 
5, 314 
5.716 

6,155 

II6.S&4 


YardM. 
1,  .'>66 
2,348 
3,  0*22 

3,  C2l 

4,  1*28 
4.780 

5,  2J4 
5,667 

6,031 

6,414 


Yards. 
1,&«4.9 
2, 364.  2 
3,  (^6.  H 

3.  6.15.  6 

4,  15(1.  5 

4.  8 '4 
5. 270.  5 

5,  eoo.  3 

|6, 096.  7 
'6, 479. 1 


Deflection. 

RecolL 

Max. 

Min. 

Mean. 

Yard*. 

YarjM. 

Y(.rdM. 

Fe&t. 

♦2.75 

to  75 

••».3 

9.8 

U.  76 

♦0.25 

tl.  5  ;  0.  6 

•1.5    ... 

*0. 7     8.  5 

t8      i     t6 

t6. 9  '  8.  07 

118      '  tl2 

tl5      ;  8.125 

*49.25   *45 

•46.  4  1  8.  07 

-37.  2.^   *28 

•31.52   8 

*38.25;  •23 

•29.25   8.16 

]                        g 

t89.5  1  *31 

t35.35   7.825^ 

1 101. 75 

tl^9 

t95.6 

7        ^ 

Axis 
of  gun 
abi'VH 

lev«*l 
ofeca. 


Feet. 
14.3 
16.6 
12 

12.9 
12.7 
13.2 
13.7 
13.9 

;^.3.2 

12.8 


Wind. 


Direction  f^m* 


Velocity 
per  boar. 


Tront  and  left^  82^. 

Fronr, 

Frout  and  left.  3':°. 
Fiout  am)  lrft,»2o. 
front  and  lifl,3'20. 
Rear  und  ri»!ht,  H9P 
Rear  ai  d  ri>!ht,  86<> 
Rear  and  ri)cht.  i^%° 
Rear  and  ri^bt.  80° 

Rear    

Rear    


Miiet. 

9 

6 

6 

6 

6 

30 

90 

90 

20 

11 

11 


Left. 


t  Rigbt.  t  Pi*  At  tl  ve  rounds. 

II  Greatest  range  attained,  3. 73  miles. 

EXTREME   RANG^E. 


$  Second  five  roonda. 


Several  attompta  \9ere  made  to  obtain  the  extreme  ran^re  under  angles 
frreater  than  20O,  bnt  without  wucceHH,  due  to  the  im|>o««ihilitj  of  seeing 
the  Hmall  HplaHh  made  by  the  projectile  when  it  struck  the  water  at 
such  long  distances. 

ACOTTRACY. 
1. — Mean  dt^vialion. 


Distance  of  target  from  gnn. 

620  feet. 

Feet 
.27 
.43 

1  mile. 

1  mile. 

Mean  rrrtlcal  deviation  from  center  of  impact  . 
Mean  borizontaldeviaiion  from  center  of  impact. 

Feet 

1  99 

8.20 

Itet. 
1.76 
1.03 

Mean  deviation  from  center  of  impact 

.51 

3.77 

2.40 

Kind  of  carriage  need 

Old  iron 
field. 

30-pdr. 
ParroM. 

30pdr. 
Parrots. 

2. — Acouracv  at  620  feet. 


IDat*:  April  15, 1885.  Oun :  9"  2  breech-loading  rifle  (steel  fleld-gnn).  Carriage.'  Old  iron  field-carriage. 
Powder:  Kind,  Dii  Font's  LX;  dpn»iry=  i.7«Je;  grnnnUtion  — i70:  Wri^bt  of  charge.  8.5  peunda. 
Projectile:  Kind.  soHd-bMnd  exp*TiinentMl  shell;  baud,  3".:f  m  dinm  ter,  0".5  wide;  b**veled  front  and 
rpar  vrnigbtof  =  VA  poaiids.  Eleration  =0o.  ReeoU=im\x\mnxa.  M'  5  ;  minimnm.  7' .08:  mean,  iy.90. 
number  of  ifr«=703  to  709.  Number  efrounda  =  7.  Target:  Distance  =r  020  feet  from  ^nn ;  aiae  =  6 
by  7  fvet.     Wind:  Direction  fh>m  re^r  and  right,  87°:  forc«,  16  mllea  per  beur.j 


RooBd. 

Distance  fW>m  center  of  target. 

Distanee  from  eenter  of  impact. 

Vertical.             Horii 

lontal. 
Left 

Vertieal. 

Horixoatal. 

Above.  Below.   Right. 

1 

Above.  Belew. 

Right.  1   Left. 

1 

Feet. 
0.67 

0.»r7 

0.17 

o..<» 

0.13 
0.10 
0.83 

Feet 

Feet 

Feet 

0.42 
0.  12 

Feet 

0.22 
0.22 

'o.'i3 

"*0.88 

Feet 

0.28 

*  *0.'32* 
0.35 

Feet 

*0.*24 

*"i'7a' 

0.28 
0.27 

Feet 

0.06 

2 

3 

1.33 

0.97 

4 

0.36 

5 

0.08 
0.09 
0.84 

6 

7 



.  •     •  •  •  > 

0.48 

3.15 
3.15-*-' 

0.36        2.88 

1               1               1 

0. 96         0.  96 

l.Sl 

1.51 
r=0.43 

7  =  0.45    2.52 -I- 7  =  0.36 

1.90-^7=0.27 

3.02-1-'; 

Mean  veitu'ai  di*\irtiioD  fruni  riui4-i  i»t  iniixict.  ••  2<  i«e  . 
M«an  horiatmtal  deviation  fnim  ofuter  of  impai-t,  u.43  feet. 
Mean  deviation  from  center  of  impact,  0.51  feet. 
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3. — Accuracy  at  1  miU. 

[DaU :  April  1, 1885.  Oun :  8".2  breeoh-loadln^  rifl<>  (stoel  fleld-gna.)  Oarriage :  80-pounder  Purott 
Powder:  Kind,  DupODb'uLXA;  denHii.y,  1.706;  ffranalatiou,  270;  weight  of  charge,  8.5  pionda.  Fn- 
jectite:  Kind,  iioUd-band  Hxpeiimeata'l  shell;  Dind,  3".0  diameter,  0".5  wide,  bereled  float  and 
rear;  weii^ht  nf=13  p-mods:  iuatruimmtal  velocity,  at  100  feet  fruta  muszle,  1.595  fe<*t  per  aeoond. 
Eleo'ition:  2PZy.  Recoil:  Siiiziiiiiin],  3'.72  ;  rainiinani,  3'.00;  mean.  H'.36.  ATumd^r  o/Jtr« :  628  tu 631 
y amber  of  roundt:  9  Target:  l>iacanc»\  1  mile  from  gna ;  size,  20^  by  40^ :  axia  of  f(tta,  5^.8  abort 
ceuter  of  ball's  eye  of  t-ariEOt.  Wind:  Direetiou  Irom  rear  and  right,  87<>i  force,  flnt  four  loaodi, 
12  miles  per  hoar;  last  fire  rounds,  14  miles  per  hour.] 


Boand. 

Distance  from  center  of  target 

Distance  from  center  of  impact. 

Vertical. 

Horixontal. 

Vertical 

HorisontaL 

Above. 

Below. 

Right. 

Left 

Abore. 

Below. 

Right 

Left 

1 

Feet, 

Feet. 
0.50 
5.00 

Feet 
*'i.68 

Feet 
ILOO 

JV«t 

1.63 

Feet 

Feet 

Feet 
6.47 

2  

2.87 

6.21 

8* 

4. 

4.34 
5.00 
1.84 
0.18 

"Too 

5.75 
8.00 
9.00 
1.00 
8.00 
5.17 

'"*0.*79' 
1.95 
2.45 
1.13 

2.21 
2.87 

'""i*53' 

L22 
'"4.47* 

"  6.*64' 

6 

6 

7 

8.53 
1.68 

8 

9 

a82 

0.32 

17.36 

1.68 

37.92 

7.95 

7.95 

12.80 

lZ8t 

17.  04-h8s2.  13 

86.24»8=4.53 

15.  90-h8=1.  99 

2&  60 -•-8=3. 20 

*  Under  target 

Mean  vertical  deviation  from  center  of  impact,  1.99  feet. 
Mean  horizontal  deviation  from  center  of  impsct,  8.20  feet. 
Mean  deviation  ftom  center  of  impact,  3.77  feet. 

4. — Accuracy  at  1  mile. 


4 re:  749  to  757.  Number  of  rounds:  9.  Target:  Dist^tnoe,  1  mile  from  crun;  nize,  '^O'  by  40'.  Wind: 
Erection  of  first  nix  roiinffs,  from  raar  and  left,  30;  for  seveoib  nmnd.  from  fr<»nt  and  right,  48®;  for 
eight  and  ninth  round,  fn»m  rmir  and  left,  ^.  Force :  First  round,  12  mile:<;  ••econd,  10  niilea ;  third, 
12  miles;  fourth,  fifth,  and  sixth,  11  miles;  seventh,  6  miles;  eight  and  ninth,  4  miles,  per  hoar.] 


Round. 

Distance  from  center  of  target 

Distance  fh>m  center  of  impact. 

Vertical. 

Horizontal. 

Vertical. 

Horizontal. 

Above. 

Below. 

Right. 

Left. 

Above.   Below. 

Right 

Left. 

1 

FteL 

Feet. 
3.50 
8..')0 
2.00 
6.98 
8.00 
2.00 

Feet. 
2.66 

""*6.33 
0.16 

Feet 

Feet 

Feet. 
0.81 
0.81 

Feet 
2.92 

*6.59 
0.42 

Feet 

2.24" 
0.49 

'i"74** 

2 

2.50 
0.75 

"8.66 

3  

2.31 

2.67    

8.69    

4  

5 

tf 

2.31 
...... . 

7* 

8    

8.50 
5.00 

2.34 



0.81 

2.60 

i.oi* 

9 

1.S2 

6.60 

' 

i    34.48 

5. 49  ;      7. 57 

1 

7.05 
14.10-1- 

7.05 

6.53 

0.53 

34. 48-«-8=4. 31 

2. 08-4-8=0. 26 

8=1.76 

13.06-1-8=1.63 

*  Under  target. 

Mean  vertical  deviation  from  center  of  imnact,  1.76  feet. 
Mean  h  irizontal  dnviatioa  from  center  of  imoact,  1.63  feet. 
Mean  devlaUon  from  center  of  impact,  2.40  feet. 
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RAPIDITY  OF  FIRE. 


Twenty-one  (21)  trials  were  made  to  ascertain  the  nnmber  of  rounds 
that  could  be  fired  per  minute.  The  maximum  was  2  and  the  minimum 
0.63  rounds  per  minute,  the  gunners  seeking  shelter  during  each  round, 
which  caused  a  slight  loss  of  time.    These  trials  are  given  in  Table  IV, 

JUMP. 

"^  ^he  correction  for  the  angles  of  elevation  due  to  the  use  of  the  sted 
field-carriage  was  detei mined.  The  results  of  the  observations  are 
given  in  Table  E. 

Table  E. — Angle  of  jump, 

fDote:  HftTch  25,  1885.  Qun:  8". 2  breech-loadioK  rifle.  Oarriage:  Steel  fleld-caniage.  PrpiMUU: 
^'Solid-band  expertmentAl  shell  (new) ;  weight,  13  pounds.     Powder:  DnPont  LXA,  v.,  1.706 sjcna- 

jnlation,  270 ;  weight  of  powder-charge,  8.5  pounds.    IHitanct  o/  target fnm gun:  60  fevt.    Wind: 

'From  rear,  11  miles  per  hour.] 


hrm 


J2 

p 


a 

o 

I 


8 


1 

2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 


818 

0 

619 

0 

616 

4 

617 

4 

614 

8 

61.'; 

8 

612 

12 

613 

12 

610 

16 

611 

16 

608 

20 

609 

20 

Feet. 
9.75) 
9.75  5 
8.5  ) 
10.0  5 
8.0  i 
8.0  i 
7.5  ? 
7.5  > 
7.0    ^ 

ao 

8.0 
7.26 


n 


I 


20  00 

22  15 

23  15 
20  45 
17  07 

24  20 


OBTURATION  AND  BBEBOH  MEOHANtSM. 

The  action  of  the  interrupted  screw  and  the  two  gas-checks,  Freyre 
and  De  Bauge,  were  very  satisfactory.  When  once  adjusted  the  Freyre 
check  operated  admirably.  Both  are  very  eflTeciive  ga^checks.  For 
details  of  their  action  see  Table  Y.  The  number  of  rounds  that  have 
been  fired  with  each  gas-check  is  as  follows : 

Rounds. 

Freyre". 704 

De  6aDge 1096 

Total 1800 

ENDURANCE. 

The  Board  decided,  April  2, 1885,  upon  an  endurancetest  of  800  rousds, 
but  on  May  1, 1885,  after  a  correspondence  between  the  Orduance  Board 
and  the  Chief  of  Ordnance,  Uuited  States  Army,  in  regard  to  the  en- 
durance test,  the  Board  decided  to  fire  one  thousand  additional  rounds, 
making  eighteen  hundred  rounds  in  all  to  which  the  gun  has  been  sub- 
jected. After  examination  and  stargaugiug  the  gun  was  found  to  be 
still  serviceable. 

VENT. 

Impressions  were  taken  of  the  vent  after  the  800th,  854th,  and  954th 
rounds.  A  new  copper  vent  bushing  was  inserted  after  the  954th round. 
After  the  1329th  round  the  vent  was  found  to  be  stopped  by  the  up* 
setting  of  the  copper  bushing,  and  had  to  be  drilled  out. 

4625  OBD 32 
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ENLARGEMENT  OF  THE  BORE. 

a.  Powder  chamber. 

The  diameters  of  the  powder  chamber  were  measured  with  calipers  at 
11.2,  13.2,  aod  15.2  inches  from  the  breech  before  firing,  and  after  the 
6th,  6th,  9th,  16th,  23d,  33d,  50th,  60th,  70th,  100th,  152d,  244th,  275th, 
315th,  459th,  854th,  954th,  1054th  (hot),  1054th  (cold),  1167th,  1300th, 
1486th,  and  1800th  rounds. 

SUMMARY. 


Enlargements  from  breeoh 


fith  round 

SlStb  round 

45eth  round 

864th  round 

1064th  round  (hot) . . 
1054th  round  (cold). 

1300th  round 

1486th  round 

1800th  round 


11".  2 

13".  2 

16".  2 

Inch. 

Jneh, 

Inch. 

0.012 

0.004 
.006 

.001 

'—.042 

.002 

.005 

-^042 

.002 

.004 

—.041 

.021 

.014 

—.037 

.011 

.006 

—.040 

.002 

.005 

-^041 

.002 

.005 

-s042 

.001 

.005 

—.040 

The  means  of  measurement  were  crude,  and,  except  at  the  point  13.2 
inches  from  the  breech,  are  not  considered  very  reliable. 

Rifled  portion  of  bore. 

The  gun  was  washed  out,  examined,  and  star  ganged  after  the  275thy 
315th,  355th,  405th,  455th,  666th,  800th,  854th,  954th,  1054th  (hot), 
1054th  (cold),  1167th,  1300th,  1486th,  1686th,  and  1800th  rounds. 

The  enlargements  of  the  bore  were  found  to  be  as  follows  : 


SnUrgements  after  the — 

Distanoe  from 
muzzle. 

455th 
round 
(cold.) 

1054th 
round 
(oold.) 

1486th 

round 

(warm.) 

1686th 
round 
(oold.) 

1800th 
round 
(cold.) 

1  inch 

Inch. 

0.002 
.004 
.005 
.005 
.007 
.009 
.012 

Inch. 

0.005 
.006 
.010 
'.012 
.013 
.015 
.019 

Inch. 

0.006 
.008 
.012 
.014 
.018 
.021 
.026 

Inch, 
0.006 
.009 
.011 
.014 
.018 
.028 
.030 

Inch. 

0.008 
.010 
.011 
.014 
.019 
.023 
.030 

20  inohes 

40  inches 

50  inohes 

OOtnohes 

65  inches 

70  inches 

The  maximum  enlargement  of  the  rifled  portion  of  the  bore  as  shown 
by  the  star-gauging  was  as  follows : 


After 

At  dis- 
tanoe from 

Maximum 
enlarge* 

round — 

muzzle 

equal  to— 

ment. 

Inehti. 

Inch. 

100 

70 

0.009 

200 

70 

.008 

316 

70 

.011 

405 

60 

.012 

666 

70 

.012 

800 

70 

.016 

954 

70 

.017 

•1054 

70 

.019 

1167 

70 

.020 

1300 

70 

.022 

1486 

70 

.026 

1686 

70 

.030 

1800 

70 

.030 

*  Cold. 
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After  the  1054th  round  the  gun  was  star-gauged  while  hot,  and 
again  after  it  became  cold,  to  ascertain  the  amount  of  the  enlargement 
dne  to  the  heut  developed  in  firing.  The  table  given  below  shows  the 
enlargements  with  the  gun  hot  and  cold,  together  with  the  dififerences 
due  to  the  heat : 


J>iBtaiioe  from  the  maxsle. 


EnlftrKemeiiUof  the  bore  after 
1054th;roaDd  with  the  gun. 


linch... 
10  inobes 
26inche« 
86  iDobee 
46  inohea 
66  inches 
60  inches 
66  inches 
70  inches 


Hot. 

i 

Cold. 

Differences. 

Inch,      , 

Jneh. 

Jneh. 

0.010  , 

0.006 

0.006 

.013 

.006 

.007 

.014  . 

.009 

.006 

.016  , 

.010 

.006 

.018  , 

.010 

.008 

.018  ' 

.012 

.006 

.018 

.013 

.006 

.021 

.016 

.006 

.028 

.019 

.004 

ALTERATION  OF  MODEL. 

The  Board  decided,  on  March  12  and  April  2,  1885,  to  recommend 
certain  alterations  in  the  model.  Subsequent  to  this  action  the  details 
and  outlines  of  the  3.2-inch  steel  breech-loading  rifle  were  changed 
and  settled  by  correspondence  between  the  Ordnance  Board  and  the 
Ghief  of  Ordnance,  United  States  Army ;  therefore  no  further  action  in 
regard  to  the  subject  has  been  taken  or  is  necessary  on  the  part  of  this 
Board. 

OPINION, 

The3.2inch  breech-loading  steel  rifle  has  been  ^<  subjected  to  the  proper 
test,  including  snch  rapid  flring  as  a  like  gun  would  be  likely  to  be 
subjected  to  in  actual  battle,  for  the  determination  of  the  endurance  of 
the  same,"  to  the  satisfaction  of  the  Board, 

BBOOMMENDATION. 

The  Board  would  respectfully  recommend  that  the  3.2-inch  breech- 
loading  steel  rifle,  or  its  modification,  heretofore  mentioned,  as  a  suita- 
ble gun  to  ''  be  put  to  use  in  the  Government  service." 

T.  G.  BAYLOR. 
Colonel  of  Ordnance^  President  oj  the  Board. 

F.  H.  PARKER, 

Major  of  Ordnance. 
GEO.  W.  McKEB, 

Major  of  Ordnance., 
CHARLES  SHALBR, 

Captain  of  Ordnance. 
D.  A.  LYLE, 

Captain  of  Ordna/Mc. 
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Table  III. — Tetble  of  fires  to  obtain  ranges  at  different  eUvatUma. 

ELEVATION  OF  2  DEGREES. 

[Qtuk:  8.2-iiieh  broeoh-loAdine  rifle  (steel),  oarrUire  (steel),  ( Watervliet  Arsenal).    Prvjeotile:  SolfA 
iMnd,  experimental  shell ;  weij^ht,  13  pounds.    Powder:  Du  Font's  LXA;  density,  1.706;  |;ranulatiMS 
S70;  weightofobArKOi  8.5  pounds.] 


Number  of  rounds. 


1 

2 
t 
4 
5 
6 
7 
8 
0 
10 


llean. 


d 


607 
508 
509 
510 
511 
512 
513 
514 
515 
516 


Date. 


1885. 
Mar.  18 
Mar.  18 
Mar.  18 
Mar.  18 
Mar.  18 
Mar.  18 
Mar.  18 
Mar.  Id 
Mar.  18 
Mar.  18 


Keooil. 


Fut. 

0 

0 
10 
10 
10 
10 
10 
10 
10 
10 


9.8 


Time  of 
flight 


Second*. 
4 

4 

4A 
4A 

4 
4 
4 
4 
4 
4 


Range. 


Tardt. 
1,578 
1,505 
1.589 
1, 666 
1,584 
1,600 
1,671 
1,578 
1,580 
1,608 


1,584.0 


DefleotiOB. 


Right 


Tardg. 
0.5 
0.125 
0.5 


0.25 
0.75 
0.5 
• 


Lft 
2.7» 


0 

1.: 


0.t 


ELEVATION  OF  4  DEGREES. 


8 
0 

10 


Mean. 


517 
518 
519 
520 
521 
522 
523 
524 
525 
526 


I     1885. 

I  Mar.  18 
Mar.  18 
Mar.  In 
Mar.  18 
Mar.  18 

,  Mar.  18 
Mar.  18 

'  Mar.  18 
Mar.  18 

i  Mar.  18 


12 
9 

9.5 
9.5 
9.5 
9.5 
9.5 
9 

•9.5 
Lost . . 


9.6 


6.6f 


2,370 
2,363 
2,361 
2,365 
2.350 
2,350 
2,376 
2,370 
2,871 
2,348 


2, 364. 2 


0 
0 


0.: 


ELEVATION  OF  6  DEGREES. 


1 

9 
8 
4 
5 
6 
7 
8 
0 
10 


Mean. 


527 
528 
529 
530 
531 
532 
533 
534 
535 
536 


1885. 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 


8.5 
8.5 
8.5 

a5 

8.5 
8.5 
8.5 
8.5 
8.5 
8.5 


8.5 


9 
9 
9 

9 

9* 
9 

H 

9 


8,037 
8,038 
3.030 
3.045 
3,054 
8,043 
3.043 
3,028 
3,022 
3,024 


8,036.3 


0 
0 
0 
0 
0 


Lft 

l.» 

0 

1.2B 

L2B 

0 

0 

0 

0 

L» 


0.T 


ELEVATION  OF  8  DEGREES. 


1 
2 
8 
4 
5 
6 
7 
8 
0 
10 


Meaa 


537 
538 
530 
540 
541 
542 
543 
544 
545 
546 


1885. 
Mar.  10 
Mar.  10 
Mar.  10 
Mar.  19 
Mar.  10 
Mar.  10 
Mar.  10 
Mar.  19 
Mar.  19 
Mar.  19 


8 

8.26 

8 

8 

8 

8 

8 

8 

8.25 

8.25 

8.07 


I 


1L45 


3,638 
3,633 
3,634 
3,682 
3,643 
3,621 
3.653 
8,642 
8,648 
8,622 

8,635w6 


7 

7 

7 

7 

6 

8 

6 

6.6 

6.5 

8 
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Table  IIL — Ttible  of  fires  to  obtain  ranges  at  different  elevations. 

ELEVATION  OF  2  DEGREES. 

[Qaa:  8.3-iiioh  broeoh-loftding  rifle  (tteel),  oarrUire  (ftteel),  (Watervllet  Arsenal).    Projeotile:  SolfA 
band,  experimental  shell ;  weight,  18poiuid«.    Powder:  Du  Font's  LX  A;  density.  1.706;  |;raniilatiMS 
S70s  weight  of  oharfce,  8.6  poonds.J 


Number  of  rounds. 


1 

2 
8 
4 
5 
6 
7 
8 
0 
10 


Mean. 


o 

u 

^J 

Date. 

S«fl 

0 

^ 

1885. 

607 

Mar.  18 

508 

Mar.  18 

509 

Mar.  18 

510 

Mar.  18 

511 

Mar.  18 

512  Mar.  18 

613  Mar.  18 

514  Mar.  18 

515  Mar.  18' 

616 

Mar.  18 

BeooU. 


Time  of 
flight. 


0 
9 
10 
10 
10 
10 
10 
10 
10 
10 


iSeeoiMU. 


4A 


9.8 


Bange. 


rards. 
1,578 
1,596 
1,589 
1, 666 
1.684 
1,600 
1,571 
1,678 
1,580 
1,608 


1,684.9 


DefleotioB. 


Right 


Fords. 
0.5 
0.126 
0.6 


0.26 
0.75 
0.6 
• 


Lft 
2.7» 


0 


o.t 


ELRYATION  OF  4  DEGREES. 


1 

2 
8 
4 
6 
« 
7 
8 

10 


Mean. 


517 
518 
510 
520 
521 
522 
623 
524 
625 
526 


1885. 
Mar.  18 
Mar.  18 
Mar.  In 
Mar.  18 
Mar.  18 
Mar.  18  ! 
Mar.  18 
Mar.  18 
Mar.  18 
Mar.  18 


I 


■I 


12 
9 

•9.6 
9.5 
9.5 
9.5 
9.5 
9 

•9.6 
Lost.. 


9.6 


6.6f 


2,370 
2,863 
2, 361 
2.365 
2,350 
2.850 
2,876 
2.370 
2,871 
2,348 


2,364.2 


0 

0 

2.6 

0 

2.76 

2.75 

2.25 

2.6 

2.6 

L5 

0 

0 


ELEVATION  OF  6  DEGREES. 


1 
9 
8 
4 
S 
6 
7 
8 
0 
10 


Mean. 


527 
528 
620 
530 
631 
532 
533 
584 
535 
536 


1885. 
Mar.  10 
Mar.  10 
Mar.  10 
Mar.  10 
Mar.  10 
Mar.  10 
Mar.  10 
Mar.  ID  I 
Mar.  10 
Mar.  10 


8.5 
8.5 
8.5 

a5 

8.5 
8.6 
8.5 
8.6 
8.5 
8.5 


8.5 


0 
0 
0 

0 

0 

0 

8i 


8,037 
8.088 
8.030 
3,045 
8,U54 
8,043 
3.042 
8.028 
8,022 
3,024 


8,036.8 


0 
0 
0 
0 
0 


L» 

0 

1.28 

L2a 

0 

0 

0 

0 

l.» 


0.T 


ELEVATION  OF  8  DEGREES. 


1 
% 
8 
4 
6 
6 
7 
8 
0 
10 


637 
538 
530 
540 
541 
642 
643 
644 
546 
646 


1885. 
Mar.  10 
Mar.  10  ! 
Mar.  10  I 
Mar.  10 
Mar .  10  ! 
Mar.  10 
Mar.  10 
Mar.  10 
Mar.  10 
Mar.  10 


8 

8.26 

8 

8 

8 

8 

8 

8 

8.26 

8.25 


8.07 


HI 

11 
11 

11 
11 
11 

u 
11 

111 


8,633 
8,638 
8.634 
8,682 
3,643 
8.621 
8.658 
8,642 
8,648 
3,622 


11.45 


8,635w6 


7 

7 

7 

7 

6 

8 

6 

6.6 

6.6 

8 


6.9 
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Tablb  Y. — Action  of  obturatort  and  hroeoh  meekaHi$m, 


Kmnber  of 

fire. 

«M 

o 

1 

1 

& 

1 

i 

6 

245 

250 

1 

25L 

24 

252 

275 

68 

276 

343 

12 

844 

355 

18 

366 

873 

82 

374' 

405 

80 

406 

435 

20 

436 

455 

4 

456 

450 

7 

460 

466 

0 

467 

472 

28 

473 

600 

34 

501 

534 

23 

535 

557 

10 

558 

567 

80 

568 

507 

60 

508 

AAA 

01 

667 

757 

0 

758 

766 

84 

767 

800 

4 

801 

804 

806 

805 

1,200 

5 

1,201 

1,205 

3 

1,206 

1,208 

02 

1,200 

1,300 

86 

1,301 

1,386 

200 

1,387 

1,586 

214 

1,687 

1,^00 

1,656 

Gas  checks. 


Kind. 


DeBang6.. 
DeBang6.. 
De  Biuig6 . . 
DeBang6  . 
De  Bangd 
De  Bang6  . 
De  Bang6.. 
«DeBaiig6. 
«DeBan£6. 
De  Ban^ . . 
4DeBang6. 
«De  Baug6 
•DeBaug^ 
•De  Bang6 
•De  Bang6. 
De  Bang6 . . 
De  Bang6  , 
De  Bang6  . 
DeBang6.. 
De  Bang6  . 
DeBang6.. 
De  Bangd.. 
De  Baug6 . . 
DeBangd.. 


Freyre. 


*De  Baiig6 
••Freyre  . 

Freyre 

Freyre 


Action. 


Opened. 


Easily 

Little  hard.... 

Easily 

...do 

1  Little  hard  .. 

No  i-emarks  . . 

..do 

Easily 

...do 

No  remarks  . . 

Easily 

..do 

...do 

...•do 

...•do 

No  remarks.  . 

...do 

-do 

Easily 

No  remarks  .. 

...do 

...do 

do 

Easily 

•Easily 

'Bather  hard 
•Easily    

No  remarks... 


! 


No  remarks. 


Closed. 


EasUy 

Little  hard... 

...do 

Easily    

No  remarks. . . 
'  LitUe  hard . . 
•  Rather  hard. 

EasUy 

..do 

No  remarks... 
Easily 


do 

...do   

...•do 

...•do 

No  remarks. 

...do 

...do 

Easily 

No  remarks. 

(•) 
No  remarks. 

...do 

Easily 

...do 

...do 

..do 

No  remarks . 


No  remarks. 


Escape  of  gts. 


Nods. 
Non& 
Non& 
None. 
Non& 
Nooe. 
None. 
None. 
Nonsi 

None. 
None. 
None^ 
None^ 
None. 


None^ 

None. 

None. 

None. 

None., 

Very  slight 

Considenbleu 

NonCb 

None. 


^  There  being  no  covering  on  asbestos  of  gas  check,  the  asbestos  squeezed  oat  and  spread  orwt 
breech  block. 

'  A  slight  burr  was  foond  on  the  rear  copper  band  of  mushroom  head,  which  made  dosing  ratiier 
difficult. 

•  Cras  check  covered  with  linen  duck,  a  slight  burr  was  formed  on  the  i^r  copper  band  of  mush- 
room head  which  made  closing  rather  difficult 

•  Qas  check  covered  with  linen  duck. 

•  Gas  check  covered  with  asbestos  cloth. 

•  Gun  opened  and  closed  easily  aft«ir  small  bnrr  on  copper  ring  had  been  removed. 
~  Block  stuck  in  carrier  rin{(--dne  to  projections  in  rear  of  screw  for  catch. 

Breech  block  worked  admirably. 

From  l,25Ist  to  1.300th  rounds,  50  rounds,  asbestos  mixture  squeesed  out  somewhat 
1*  In  rounds  1,301  and  1,302,  excessive  escape  of  gas  making  it  necessary  to  use  mallet  in  openiag 
block.     In  1,803,  about .  ''005  removed  fh>m  rear  face  of  obturator,  no  escape  of  gas,  opened  little  mmL 
In  1,304th  round,  no  escape  of  gas,  block  opened  and  closed  easily.    After  roand  1,329,  vent  stopped  and 
had  to  be  reamed  out 


Number 

of 
rounds. 

Freyre. 

De  Bang6. 

Grand 
total. 

Remarks. 

244 

1,556 

201 
503 

43 
1,053 

244 
1,556 

Previously 
reported. 

Totols.. 

704 

1,096 

1,800 
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Record  of  firing  with  3.2-ineh  breech-loading  rifle  {eteel)  ai  Sanig 


M.401  J  tliAnnom- 
et«r,43.8|  bnmid- 
ity,  47. 


L.  Iff  .^Bwometor, 
ti.095t  tbermom- 
etor.TS.Silmniid-'' 

ity.ia. 


I 


Time. 


Powder. 


Kind. 


245 
246 
247 
248 
249 
250 
251 
252 
253 
254 


1884. 
Oet    15  1 

r 

Oct  15; 

Oct    15 


Oct  15 

Oct.  15 

Oct  15 

Oct  22 

Oct  22 

Oet  22 

Oct  22 


255  Oct  22 

256  Oct  22 

257  Oct  22 

258  Oct  22 
250  Oct  22 

260  Oct  22 

261  Oct  22 

262  Oct  22 

263  Oct  22| 

1 

264  Oct  22! 

265  Oct. '  22i 

260  Oct  22 

267'Ort  22 

I 

2680ct  22 

260Oct  22 

270  Oct  22 

271  Oct  22i 


272 
273 


Oct    22, 

I 

Oct    22' 


2740ct    22 


275;Oct    22 J 


o 


^ 


• 

I 


Wgt 


a 

i 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


3   8 

3 

8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


3   8, 


3 
3 
8 
3 
8 
8 


8 
8 

8 

8 

I 

8' 


PntJectile. 


Kind. 


I 


1 


•z 

I 


« 
S 

>  s; 
I 

a 


so 

I 

« 

1 
i 

1 

I 


Wgt 


li 

a 
d 

o 


<\ 


< 


i 


8 
3 
18 
3 
3 
8 
8 
3 
8 
8 
3 
3 
3 
8 
3 
3 
8 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
8 


I 
1 


-k 


St 


it 

£-3 


-4 


Hi 


1 


a 

! 


Lb§.  FmL  Fe§L 


80,7001,663 


81,9001,66] 


8.83 
&60 
8.88 
8.83 
8.88 
&60 
8.60 
&50 
&60 
9.00 
0.50 
&50 
9.00 
9.00 
9.00 
9.00 
&00 
9.00 
9.00 
10.00 

laoo 

9.00 

aoo 
a  00 
&00 
aoo 
aoo 
aso 
aso 
aso 
aoo 


a 


I 


I 

3 

I 

8 


9 

O 

I 
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509 


ffaok^  N.  J.tflrom  Ootoher  15, 1884,  to  Septemlfer  15, 1885. 


Spooiil  remarks  mboot  Moh  Itn,  saoh  a«  eflbot  on  pieoe,  tound  of  prqjoctile  in  ilJslit,  wMittering  of 

fingments,  Sm. 


Gun  monnteA  on  iron  oarrlngo  with  stiffened  eheeks  (Watervliet  Arsenal). 


1 

I 
& 

i 
I 

B 


I 

I 

s 

M 

I 

3 
I. 


g 


>  Opened  and  closed  easily.    No  escape  of  gas. 


Opened  and  dosed  little  hard.    No  escape  of  gas. 


'Opened  easily.    Closed  little  hard.    No  escape  of  gas. 


Qnn  washed  out,  examined,  and  star-ganged. 


510        BEPOET  OF  THE  CHIEP  OP  ORDNASCE. 

BMVrtl  vf  firing  wlM  3.3-{mA  hrteOi-l^iiug  rifle  {ttml)  at  Sm^ 


W 


i77No». 


EEPOET  OP   THE   CHIEP   OP   ORDNANCE.  511 

Mooh,  N.  J.ffi-om  October  15,  1884,  to  September  15, 1885— Continued. 


Bpeotal  remarkft  aboat  eeoh  Are,  raoh  m  effeot  on  piece,  toond  of  projectile  in  flight,  scattering  of 

fragments,  4mv 


Kflw  steel  cap,  aqnarea,  and  eye-bolts  pat  on  carriage. 


llred  Into  sand-bnti.    l>e  Bange  gas-check.    Bounds  276-816  indnslTe  find  for  rapidity  In  37|  mlnntes. 
Gun  closed  and  opened  easily.    No  escape  of  gas. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Becord  offrinq  with  ZA-inek  brewk-loading  rifle  {steel)  at  Smmdg 


S     Time. 

o  ! 


a 

0 

}Z5 


1866. 
Nov. 


311 

312  Nov. 

313  Nov. 

314  Nov. 

I 

815  Nov. 
316  Nov. 


317 
318 
319 


Nov. 
Nov. 
Nov. 


A.  M. — ^Barometer, 
80.047;  thermom-^ 
eter,    60.3;    hu- 
midity, 66. 


•  320'Nov. 
321  Nov. 
322,Nov. 
323|Nov. 
324  Nov. 
325 1  Nov. 
320  Nov. 
3?-' Nov. 

328  Nov. 

329  Nov. 


330 


Nov. 


331|Nov. 
332  Nov. 
333NOV. 

334;  Nov. 

I 
335,  Nov. 

336  Nov. 

3'J7  Nov. 

338  Nov. 

339' Nov. 

I 
340  Nov. 

34rNov. 

342N0V. 

343|Nov. 

344  Nov. 

345!nov. 


Powder. 


Kind. 


I 
8 


I 

P 


§ 

8 


Wgt 


r  3  6 


Projectile. 


Kind. 


3 

3   6 

3'  6 


8 


;  3  8 


8, 

I 

8' 

,  I 

3   8, 
8   8 

3  '8 

I     I 
I     ' 

8; 

8 
8 


<■  3   8 


3 
3 
3,8 

3I8I 


.  3,  8 


'.« 


3 


8 


3   8 

3|  8 
3:  8 
3-  8 
3   8 

3;  8 
3;  8 

a;  8 

3   8 
I  3   8 


8 
8.  J 


I 

•o 

9 

I 
I 

J 
I 

CO 

CO 

i' 
■s 

a 

a 

a 

•c 

a< 
P< 

M 
9 

s 

'a 


Wgt 


s% 


2^.  JFWl 


Fett 


1 


II 


^ 


"i 

.a 


REPOKTtOF   THE   CHIEF   OF   ORDNANCE.  513 

Hoohf  N.  J,,  from  Ootober  15,  1884,  to  Septemher  15,  1885 — Continued. 


Spoeial  remarks  mbont  each  fire,  saob  as  effect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fragments,  Ac. 


Waalied  ont,  examined,  and  star-gauged. 


Fired  Into  sand  butt.    De  Bange  gas-check.    Gun  dosed  and  opened  easilj ;  no  escape  of  gas. 


4625  OBD 33 
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REPORT  OF  THE  CHIEF  OF  ORDtANCE. 


Record  of  firing  with  3.2-inch  breech- loading  rifle  {steel)  ai  Sanitf 


Powder. 


A .  M. — Barometer, 
30.047;  thermom- 
eter, 60.  S;hamid- 
ity,85. 


u 

9 

s 

0 


846 

347 


Time. 


Wgt 


Kind. 


1884.    I 
Nov.    11 1 


Not.    1 


348  Not.    1 


349 
350 


S 


Not. 
Nov. 


851iNov.    1 


352 
353 
354 
355 
856 
357 
858 


Nov.  11 
Nov.  1 
Nov.  11 
Nov.  1 
Nov.  20 
Nov.  20 
Nov.  20 


350  Nov.  20 


360 
361 
362 


Nov.  20 
Nov.  20 
Nov.  20 


I. 


863  Nov.  20: 
364  Nov.  201 
365!  Nov.  20 
366iNov.  20 


A .  M.— Barometer, 
30.081;  thermom- 
eter, 87;  humid- 
ity, 83. 


867 


Nov.  20 


368  Nov.  20 


360 
870 
371 
372 
373 
374 


Nov.  20 

I 

Nov.  20' 
Nov.  20 
Nov.  20; 
Nov.  20i 
Nov.  2o' 


375,  Nov.  20 


376 
377 
378 
379 


Nov.  20 
Nov.  20 
Nov.  20 
Nov.  2o! 


380,  Nov.  20, 
381  Nov.  20  , 


g 

0 


« 

"2 

'   mm 

<  s 

o 


?  < 


a 
o 

Pi 

a 

P 


Projectile. 


Kind. 


Wgti 


I 


a 
a 
O 


8^^ 

8 

8 

8 

8 

8 


I 


J 


3'  8 

3 

3 


3   8 

3 

8 

3 

3 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


3 

3 
3 
3 
3   8 


3'  81, 


I 

9 

I 

I 

> 


I 


>      ^S 


eo 

3 

=3 

.a 

■ 

1 

a 

9 

H 

9 

I 


a  u| 


0 

O 


ol 


N 


I . 

I 

3 
3 
3 
3 
3 
8 
3 
3 
3 
3 
3 
3 
3 
3 
3 

si. 

j 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

31. 

3 

3. 


a 

9 


£- 

0  O 

>•  a 


is*. 

•ma  9 

£  ^ 

i- 


J      I 


-I 

-i 
-4 


-i 


'-4 
-* 
-4 
~4 
-4 
-4 
-4 
-* 
j-4 

-* 

'-4 

i 

-4 

'-4 

,-» 

'-i 

I 

-4 




Lb9. 



Feet 

Feet 



. 

■  -  • "  • 

1 





•      V     •      • 

80,025 

*   •  «  « 

1,681 

.... 

11.67 

. . .  • 

j 

1 
1 

1 

..... 

, 

*  *  * 
, 

. . . . . 
11.50 

1 

..... 

i 

1 

..... 

11.33 

i 

9 

a 


¥ 

h 


•0 

a 


8 

B 


9 

•0  0 


o 

a 


h 
0 
O 
.0 

O 


a 

00 

•a 
fl 

<« 

9 

a 

£ 
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BEPORT   OF   THE    CHIEF   OF   ORDNANCE.  515 

Hook,  N.  J.,  from  October  15,  1884,  to  September  15,  1885— Coutinned. 


Speoial  remarkB  about  each  fire,  saoh  as  effect  on  piece,  sound  of  projectile  in  flight,  scattering  .'of 

fragments,  dec. 


I 

I 

P 

.  ^    Rounds  816  to  355,  inelusire,  fired  for  rapidity  in  42^  minutes. 
^  ^  1^  There  being  no  corering  on  asbestos  of  ^MHsheok,  asbestos  sqaeeaed  oat  and  spread  orer  bree<di« 
block. 
Oan  opened  little  hard  dnring  last  10  roands;  no  escape  of  gas. 

I 

a 
a 

G-an  washed  oat,  examined,  and  star>gauged. 


Fired  into  sand  butt.   De  Bange  ns-check  covered  with  linen  dack.   A  slight  borr  was  formed  on  the 
rear  copper  band  of  mushroom  nead,  which  made  dosing  rather  difficult    No  esci^  of  gas. 


Fired  into  sand  butt.  De  Bange  gas-check  covered  with  linen  daok.  A  slight  burr  was  formed  on  the 
re*r  copper  band  of  mushroom  bead,  which  made  closing  rather  difficult.  No  escape  of  gas.  Time 
of  flrifl^  lot  of  SO,  1  hour  and  19  minutes. 


REPORT  OF  THE  CHIEF  OF  OEDNANCE. 

Seeord  of  firing  loilh  3.3-iitok  brtteh-loading  rifle  (iteel)  at  Suij 


1M1I< 
405,  Not. 
«>6Nov. 
WTHdt. 
toe  Not. 
KWNoi 


SI 


i 


1 

3 
1 

Fml 

HlH 

1ft  60 

10.47 

M.731 

1.8M 

«.M 

KEPOKT   OF   THE   CHIEF   OF   ORDNANCE.  517 

Hook,  N.  J,f  from  October  15,  1884,  to  September  15,  1885 — Continaed. 


Sp«ciftl  remarks  about  each  Are,  snob  as  effect  on  piece,  sound  of  prqjectlle  in  flight,  scattering  of 

fragments,  &c. 


3- 

hI 

-8i^ 


•1 

MMOi 

"-1 


lis 


•?a» 

•a  ^ 

fife's 


5ss 

•oS* 

|5% 


8« 


III 


Qnn  washed  out,  examined,  and  star-gauged. 


Fired  into  sand  bntt.    De  Bange  gaa-obeok  covered  with  linen  dnok.    Closed  and  opened  easily.    No 
escape  of  gas. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  wOh  3.2-tnc^  hreech-loading  rifle  (steel)  at  Sandy 


Powder. 


P.  H.— Barometer, 
80.060;  thermom. 
eter,  40.7;  humid-' 
ity,  77. 


Projectile. 


e 

I 

a 


418 
410 


Time. 


Kind. 


1884. 
Nov.  20 

Nov.  20 


i> 


420  Nov.  20 


421 
422 
423 
424 
425 
426 
427 
428 
420 
430 
481 
482 
433 
434 
435 


Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20i 
Nov.  20 
Nov.  20 


436 
487 
438 
489 


441 
442 
448 
446 


446 

447 


Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
440  Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 

445  Nov.  20 

I 

Nov.  20J 
Nov.  20; 
448  Nov.  2o!j 


s 

§ 
A 

0 


r4 

•a 

0 

& 

Q 


p4 


Wgt 


0    O' 

fri'O' 


Kind. 


8|  8 

V 

3  8 


3 

I  3 
3 
8 
3 


8 
8 
8 
8 
8 


3|  8 

3   8 

I 
3   8 


3;  8 


3  8! 

I  I 

3  8' 

3;  8 

I 

3'  8 

I 

31  8 

sl  8 

I 

3,  8 


3;  8 

8   8> 


8 
8 
3 


81 

I 
I 

8 
8 


31  8 


1 

I 
I 


to 


I 

a^ 

r 

CO 


=3 

m 

3 


I 

8 

I 

2 

I 


IWgt 


0.0 

a.  to  I 
I  I 
13 

13 

13,. 

13 

IS 

18 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 


-.! 


13 

13 

13 

13 

13 

13 

13 

13. 

13. 


I3j., 
13;. 
13.. J 


0 

I 


O     I 


I 

9  O 

la 


JM, 


13> 


Ftt. 


FeeL 


0.29) 


1 

•  •  ■  «  « 

;                1 

1 

1           1 
i-*--. 

1             i 

1 

i 

0.60 

1          ! 

■    -  ■  1 

-»  S 

.ss 

-i4 

— t      I 

I  I  I 

•■*"  '"■'"  I 

p 

I 

t 

I 

I 

I I ■ 

•.-••I < 

I • 

t 

' !••••- 

I 

I  I 


a 


I 


Bt 

fl 


g 

.a 

s 

t 
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REPORT   OF   THE    CHIEF   OF   ORDNANCE.  519 

Book,  If,  J,,  from  October  15,  18B4,  to  September  15,  1865— Continued. 


Speeial  remarks  aboat  each  fire,  such  aa  effect  on  piece,  sound  of  prqjecUle  in  flight,  ao»ttering  ef 

ftafsments,  &c. 


Fired  into  sand  bntt.    Do  Bange  gaa-check  ooyered  with  linen  dock.    Closed  and  opened  eastif .    Ne 
escape  of  gas. 


Fired  into  sand  bntt.    De  Bange  gas-check  covered  with  Unen  duck.    Total  time  ftring  lot  of  M,  M 
minutes.    Closed  and  opened  easily.    No  escape  of  gaa. 


EEPOBT  OF  THE  CHIEF  OF  OHDNANCB. 

Record  af  firing  miOi  3.S-Ji)ck  brtedi-UMiiing  rifi»  (i 


2>.II83 1  thermDiL 
eMT.Ii^iliDiiiid-' 
Ity.M. 


■tar,  MS  I  humid- 


& 

1  t 

^  ? 

^  ' 

im 

u 

S    ! 

11 

5  s 

WDeo.  30L.X    ^ 

I 


11 


! 
itt 

il 

li 

I 

'  3 

1 

11 

1" 

-  ) 
•  1 

-  t 

-  1 

-  1 
1 

ie* 

FnL 

r«t 

1 

2 

2 

0.33 

1 

.  »» 

.,.. 

1 

0.^ 

1 

s 

i 

1 
1 
ii 

1 

1 

" 

»,soo 

i.au 

.J 

1 

9 

1 

1 

1 
1 

i 

.    e 

30.000 

,.» 

1I.E0 

i 

REPORT  OP  THE  CHIEF  OF  ORDNANCE. 


521 


Hook,  N,  J.,  from  October  15,  1B64,  to  September  15,  lfiB5— Continued. 


Sp«oUl  renwrks  about  eaoh  fire,  suoh  m  effect  on  piece,  aound  of  projectile  in  fligbti  scAttering  of 

fragmenU,  ice. 


Fired  into  sand  bntt.    De  Bange  iCM-cheok  covered  witb  linen  duck.    Total  time  firing  lot  of  50,  55 
minntea.    Cloaed  and  opened  eaaily.    No  escape  of  gas. 


Gun  wasbed  out,  examined,  and  atar-ganged. 


8) 


a 


Burst  on  striking  sand  near  target 


Burst  on  striking  sand  to  left  of  target. 


Sbells  fired  in  rounds  456, 457, 458.  and  I 
459  contained  a  bursting  charge  of  6  I 
ounces  mu»ket-powder.  Tbe  weigbt^ 
of  bursting-charge  and  fuse  included 
in  weight  given  to  shell. 


Burst  on  striking  sand. 


Burst  on  striking  sand. 


Fired  into  sand  butt.    De  Bange  gas-check  covered  with  linen  duck.    Closed  and  opened  easily.    Ke 
escape  of  gas.    Gun  mountecTon  siege-carriage. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2-ificfc  hreeok-loadiHg  rifle  (steel)  ol  Semdg 


Powder. 


;  i  Time.  I 

I 


iWgt 


Projectile. 

iwgt 


Kind. 


I    1884. 
462'Deo.  SOiLY.l 


I 


3 


Kind: 


P.  li.— Barometer, 
80.815;  thermom- 
eter, 50.8;  homid-' 
My,  88. 


468' Dec  80 


464 


Dec  30 


L.T 
L.X 


465: Dec  30 


L.X 


A.  M.— Barometer, 
3U.043;  thermom> 
•ter,S4.4;  humid- < 


466' Deo.  30 

467  Dec  31 

468  Deo.  31 

469  Dec  81 

470  Dec  81 
471.Dec  31 


L.X 
L.X 
L.X 
L.X 
L.X 
L.X 


i 


m 

s 


o 

p 


g 

I 

s 


Q 


» 

a 

o 

P^ 
Q 


8 

8 


472  Dec  81L.XJ 


3!  8 


8 
8 


I 

I 

O 


a 


I 


•3 


a 
§' 


8  8 

I 
8  8 


3,  8i 


3,  81 

3   8! 


s 

1 

•9m 


I 

0»  s 


a 

Ol  9 


13 


13 

I 

13 


5lS  < 


13 

I 

I 

13 
13 
13 
13 
13 
13 
13 


P.  li.— Barometer, 
30.006;  therroom- 1 
eter,  42;   humid- 
ity, 86. 


I    1885. 
473!JaD.     8 

474'«ran.     8 

475  Jan.     8 

i 

476,Jan.     8 
477  Jan.     8 


PS 


3  8 

3'  8' 

3'  8 

3  8 

I 

3  8 


p  o 

aj 

1 

2 


£o 


13 
13 
13 
13 


1 


..I 


o    / 
0 


0 
0 


0 
0 
0 
0 
0 
0 
0 


-k 


II 


p« 


'  ^ 


29,450!  1,551 


12.00 


33,400 


1,61512.00 


31, 30011, 617|11. 00 


0      129,5001,616 


i32,100ll,627 


1L50 


33,100 
29,600 


1,631 
1,617 


31, 200!  1, 621 


31,400 
31,450 


1,634 


12.00 
&00 
8.00 
7.50 
8.00 


1,637   8.00 


I 


30,6001.627>  7.50 


i. 

CD  **    I 
C4 


8 

tlO 


a 


^ 


% 


6 


o 

3 

•a 
s 

i 
i 


5< 


•C3 

^|2 


^U 


I 


^       28, 350  1, 503 


7.00 


13  ..—t 


•    0 

^  t  S  ^ 
01:6 


REPORT   OF   THE   CHIEF   OF   ORDNANCE.  52S 

Book,  N,  J.,  from  Octcher  15,  1884,  to  September  15, 1885-ContiDued. 


Spe«tel  rwDark.  •bout  oMh  fire.  8uoh  m  efltect  on  piece,  sound  of  proJeetUe  in  flight,  soatterinc  1 

iragments,  Jco, 


^"^^'it'^^Q^^^^or^^S^  Cl«.«landope.ed,.«lr.    X. 


Trail  ^roke. 

Gnn  laoanted  on  iron  carriage. 

^ Si^^f^.  ^°***    ^  Bange  ga»-oheok  coverwl  with  linen  duck.    Closed  and  opened  eaailr.    Ko 


'■S^M^a^f^***    l>eBange  gas-obeck  covered  with  aebestns  eloth.    Closed  and  opened  easdr- 


REPORT   OP   THE    CHIEF    OF   ORDNANCE. 

Beeord  of  firing  toilk  3.9-ineh  irteok-loadl»g  >ifit  (al««l)  of  Staif 


fDWdtf. 

PndMtth.. 

|5 

'i 

"^ 

1 

u 

W| 

WBt 

ts 

TlDia. 

1     Kind. 
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T 
is 
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1 

H 
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~r 
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«B 
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S! 
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1 
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!» 
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"" 
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8 

1 

IS 
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J 

;: 

-i 

£ 
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1 

i 

"* 

i 

Msji.li      » 

\k 

-i 

1 

ttuljud.     »| 

o 

IB 

-i 

1 

Jan.     9 

t.1 

i 

-i 
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J«..     • 

pj 

IS 

-i 

1 
1 

BWr.«.Bihqn.3: 

<w 

i 

1 

13 

^ 
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Jan.    9 

s 

" 

-♦ 



" 

— 1 

1 

4» 

Z    J 

1 

-I 
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i 

3 

' 

-* 
-* 
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a 
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«M 

Jan.    ff 
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4» 
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Jan.    B 

1 

13 

U 

-1 
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am 

- 

17 
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! 

1 

1 
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S».0t3i  UiflnnDBi- 

'.  MI  Mar.  IB 
M3  Mar.  IS 

B 
S 
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la.. 

X 

»,3».... 
18,8001. 571 

10.0 

10.00 

10.00 

i 
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1  SOiMar.  IS 

i 

3 

3| 

13 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
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Book,  If.  J.,  from  October  15,  1864,  to  September  15,  ld8&— Continued. 


Special  remarka  aboot  each  Are,  saoh  aa  efliBct  on  piece,  aonnd  of  pi^eetile  in  flight,  acattering  of 

^yagmenta,  &o. 


9 


I 

L 

u 

t 

I! 
II 

I 

a 

1 

s  J 


RIglit  blake  broke ;  repaired. 


'1 

Tdt. 

m 

1 

Yards. 



Steel  carriage  previonaly  oaed  and  recently  repaired  at  Waterrliet  AnenaL 

"5 


35 


Hook  of  left-hand  brake  broken  oif. 

Left  brake  (belonging  to  old  carriage)  Jumped  off. 


Hook  of  right-hand  brake  broken  off. 


626 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2-iftcA  hreech-loudivg  rifle  (steel  fai  Amdy 


Powder. 


A.  M.— Barometer, 
30.0Q3;  tbermoiD- 
eter,20.9;hamid-' 

Hy. «. 


P.  M.— Barometer, 

29.974;  thermomv 
eter,  25;   humid- 
ity, 66. 


A.  M.— Barometer, 
29.726;  thermom- I 
eter,  26;   humid- ^ 
ity,  78. 
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Mar.  18 
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I 
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531  Mar.  19 
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532  Mar.  19 
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I 
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I 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
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Hook,  29.  J,,  from  October,  15,  1884,  to  September  15, 1885— Continued. 
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« 
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Sect. 
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1^1 


(9 

H 
H 

H 
9k 
<H 

9 
9 
9 

»     I 

9  : 

9* 
9 

H 
Hi 
IH 
114 
Hi 

114 

HI 


Tdi. 

1,578 

I 

1.695 

1,589 

1,566 

1,584 

1,0001 

l,57ll 

1,578| 

1.580 

1.608 

2.870 

2.363 

2, 861 

2,8651 

I 

2,859 

2,350 

2,376 

2,370 

2,371 

2.348 

8,087 

3.038 

3.030 

3.045' 

3,054 

3,043 

3,042 

3,028 

3,022 

3,024 

3,633 

3,633 

3,634 

3,632 

3,648 
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I 
I 
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Tardt. 
flight 

i  right' 

4  rightj 

14  left   I 

2}  left 

4  right 

}  right 

4  right. 

0 

I 

Uleft   ! 
0  I 

0  I 

24  right 
0 

21  right 
2}  right 
24  right 
24  right 
24  right 
ileft 
14  left 
14  left 
0 

li  left 
Uleft 
0 
0 
0 
0 

14  left 
7  right 
right 
right 
right 
right 


Special  remarkA  about  each  lire,  saoh  a«  effect  on  piece,  sound  of  projectile  in 

flight,  Mattering  of  f ragmen  U,  &o. 
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'  Axis  of  gnn  14.3  feet  above  sea-level. 
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•^  Right  hand  brake  broken  off  at  shank. 
•S  New  brakes  put  on. 


i 

es 
••a 

I 


«  Left  hand  brake  broke. 


Right  hand  brake  broke  at  hook. 


MRet»aired  brakes  put  on. 

o 

•  Right  hand  brake  broke. 

"^  No  brakes  on  carriage. 


I 

o 


*  Axis  of  gnn  12  feet  above  sea-levrt 


P 
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g 
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"2  ^  Rivet  of  transom  of  trail-chest  broke, 
^c  Hinge  for  trail-chest  broke. 
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BEPOET  OP  THE  CHIEF  OF  OEDNANCE. 

Seeord  of  firing  with  3.S-ix«it  brMek-lo^ding  Hjb  (tieel)  • 
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EEPOET  OF  THE   CHIEF  OF   ORDNANCE. 
Boole,  N.  J.,  froiA  October  15,  1884,  to  SepUmber  15,  1885— Continaed. 
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18  ri|ht 
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m  right 
18  right' 
111  right 


4.78^  4B11eft 
4,818  48)  left 
4SIluft 
49|lcn 

4,83^  *n  i>n 

451  left 


V   5.256^371  left 
'   S,8U  »t1eft 

I  6,  »s  2»  kn 


S,2M 
5,224   28 


»llen 
:^1*ft 
2»llBft 


5, 2M  37t  Ivft    I 
B,15l!  3?lleft 

4626  o 


SAjdaofgOD  12.8  fMtaboTe  tek-Iepsl. 


S  Alb  of  gnu  IS.TreetabaTeMft-lBViL 


AiU  or  gun  1S.3  feet  aboTs  »ea-levd. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2-tiic^  breech-loading  rifle  (steef)  at  SMijf 


P.  M.— Barometer, 
30.24.!:  tb»rinoin- . 
e1er,:<7.7;  humid- 
ity, 44. 


P.  M.— Barometer, 
3O.20U:  tberraom- 
eter,  38.1;humitl-' 
lty.46. 
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Kind. 
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581  Mar.  24 
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591  Mar.  24 

.'S92  Mar.  24 
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REPORT  OP  THE  CHIEF  OF  ORDNANCE. 
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Hook,  K,  J.J  from  Octohir  15,  1H84,  to  S*ptember  15»  1885— Continued. 
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20 
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20* 

20 
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20 

20i 
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22 
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21| 
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24 

24i 
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rrff. 

6.70? 
5.708 
5.671 
5.698 
5,684 
5,702 
5,671 
5,716 
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Tard». 

2Hi  Ittlt 

234  left 
2.14  left 
284li'ft 
88  Itft 
38il6rt 
23i  left 
884  left 


5.684  88   left 
5.667   23   left 

6.160  81    left 

I 

6,096   80}  left 

I 
6.000  SOilefk 

I 
6,038  29    riyli 

6, 090  304  riirh 

6, 155  584  righ 

6. 145  701  rlKb 

I 

6^031   884  Hjrii 

I 

6.064  79  righ 
6. 108  794  rixh 
6.456  804ritfh 
6,472  99}i1|{h 
6.467  964  righ 
6, 506 1014  righ 
6^472'  99}  righ 
6,414  9941-iKh 
6, 501!  894  righ 
6. 564  101}  righ 


6.491 
6,448 


894  ^"^fi^ 
88    righ 


24  20 


17    7, 


20  46 


Special  remarks  nbont  each  fire,  anch  aa  effe<*t  on  piece,  sound  of  pro- 
JtM:tile  iu  fli^^bt,  scattering  of  fragments,  &o. 


Axis  of  gun  13  9  feet  abore  sea-leyel. 


M 
US   I 

V 
Sc 

a 

£  }  Axis  of  gun  14.2  feet  above  sea-levfl. 

4. 


IE 

u 


>  Axis  of  g^n  13.2  feet  above  sea-level. 


« 
c  ) 


if 

> 

■ 

s 

^    Blnck  stnok  in  oarrier-ring— due  to  pr^Jvotion  in  rear  o 
g        screw  fur  catch. 

Z    During  thin  firing  all  tho  nninll  rireta  for  transom r  of  trail- 
's       ohest  un  left  side  broke  off.  as  well  as  right  rivet  for  lid. 


>  Fired  at  target  50  feet 
trom  gun  to  aacertain 
angle  of  Jump. 


BEPOKT   OF   THE   CHIEF    OF    OKDNAifCE. 

Record  of  firing  uiith  3.2-iiitA  breeck-Uading  rifit  (iteef)  at  aati) 

^%  I  i 
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188^. 

bis' Mar 

SIT  Mar.  ib 
e]n,U>r.  Z^i 
Bis!  Uu 


Mtir,  M.S;  bui 
ily,  12. 


A..  U.— Bannueti 
28  875;  thermoi 
star,  41.  t;  hum  I 
Itj.  71.8. 


S9.8T8:» 
412;  hull 


28  Mu.  28 


828  Apr.  ■ 

830  Apr.  . 
8SI^Apr. 

dApr.  ■ 

88lJApr. 
essApr. 


III 


1,817  : 

StM,  *.33 


fiil'  i 


III?!; 


lr 


1,SS8  8.42 
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EEPOET  OP  THE  CHIEF  OP  OEDNANCE. 
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Hook,  N,  J.,  Jiom  October  15,  1884,  to  Septeniher  15,  1885 — Continaed. 


4i 
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Special  remarks  aboat  each  Are,  snoh  a«  effect  on  piece,  sound  of  projectile  in  flight, 

scattering  of  fragments,  ico. 


See'di 


♦rf*'       /    // 


23  1ft 


22  15  ^  Fired  at  target  50  feet  iVom  gun  to  ascertain  angle  of  Jump. 


20    0 
Gun  mounted  on  30-poonder  Parrott  carriage. 


'  Fired  At  mile  t:krget.    Sightin  g  shots. 


Fired  at  mile  target.    Sighting  shot. 


Distance  from  center  of  tai'get 
in  feet. 


17.  04  -^  8=2. 13  I  36.  24  -«-  8=4  53      1 5. 90  •«-  8=  1.  90  '  25.  60  •«-  8=3.  20 


Mean  vertical  deviation  from  cen- 
12. 80  '    **'■  **^  inipHct.  1.99  feet. 
""  Moan   bMrizontal  deviMtion  from 

renter  of  impact.  3.20  feet. 
Mean  df  vim  ion    from    center  of 
impact,  3.77  feet. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Record  of  firing  with  3.*^-ii»cfc  breech -loading  rifle  (steel)  at  Sand^ 


P.  K.— Barometor, 
30.20.5;  tbennom- . 
«ter,4U.7;huiiiid -^ 
itj,  76. 


S 
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Time. 


Powder. 


Kind. 
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638] 

63 

640 

641 

64. 

643 

644 

645 

646 

647 

648 

619 

650 

651 


1885. 
Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

A.pr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apf. 


652  A.pr. 

653  Apr. 

I 

654  Apr. 
I 

655  Apr. 
I 

656  Apr. 
I 

657  Apr. 
I 

658  Apr. 
I 
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I 
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663  Apr. 
I 

664  Apr. 

665  Apr. 
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666  Apr. 
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13 

13 
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13 
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13 

13 
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13 
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13 

13 

13 

13 

13 

13.. 
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13. 
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.0 
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0 
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0 
0 
0 
0 
0 
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es  ~ 

a  - 
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*•  a 


C-.5 


I^«. 


5    K 


S    = 

a  .^ 

^  *>. 

Feel 


•3 

•a 
a 


^3 


Feet 
JU.  0« 

M.5« 

i 

10.  (h 

10.  ou 

1U.0U 

11. 2:» 

1 
1 

ft  67 

1 

10.  :<o 

1 

11.67 

11.50 

• 

9.00' 

0 

0 

i 

12.00 
9.50 

a 

« 

C 

1 

1 

11.67 

Si 

9.25 
0.25 
9.  25 

0 

•5 

•c 

1 

1 

11.00 

0 

s 

10.67 

11.50 

a 

9 

9.  25  1       ^ 

10.83 

1 

1 

9.00J 

8.75 

8.50 

9.00 

&A3 

8.00 

&00 

aooj 

I 

REPORT   OF   THE    CHIEF   OF   ORDNANCE.  535 

Hook,  N,  J.,  from  October  15,  1834,  to  September  15,  1885— Continued. 


Special  remarks  aboat  each  fire,  sach  as  effect  on  piece,  sonud  of  projectile  in  flight,  soatterlng  of 

fragmenta,  &.c. 


Roand  637.    Gun  moanted  on  steel  fleld-oarriage. 


•a 

8 

a 


Angle  iron,  riveted  to  nnder  side  of  cheeks  of  carriage,  broken  on  both  sides  and  cheeks  distorted. 
Gun  moanted  on  old  iron  fleld«carriage. 


536        EEPORT  OF  THE  CHIEF  OF  OEDNANOE. 

Steord  offiHag  vjiik  3.2-t«oA  hreeck-loaiing  HJU  (i(«el)  a 


A.  K.—Bnrom  eter, 
Sa.l!»!  thennoni. 
eter.33.4;  humid. 
Uy,  71. 


P.  U— Bftrooifter. 
star.33.4ihniiild- 


Apr. 


:3 


1168  Api 

tee  Apr.  B-l 

no  Apr.  B 

ailApr.  »\ 

STijApr.  >' 


«83.A|>r.    S 
684  Apr.    S 


SMIApi 

WS  Apr.  S 

<MApT.  S 

WTIApr.  S 

tM.Apr.  S 

•WApr.  ■ 

TOO  Apr.  6 

701  Apr.  0 


'A 


J   . 


H  |1 

1^ 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
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Hook,  N,  J,,  from  October  15,  1884,  to  September  15,  1885 — Coiitinned. 


Special  remarks  about  each  Are,  aaoh  as  effect  on  piece,  sound  of  projectile  in  flight.  soatteriDg  of 

frajsmeiitH,  &c. 


Gnx)  star  ganged. 


e 


e 


I 

1 


9 

I 
o 


0 


Elerating  screw  replaced  bj  new  one. 


EleratiDg  screw  bent. 


S 

a 

i 


REPORT,  OF    THE   CHIEF   OF    ORDNANCE. 

Reirord  of  firing  with  3.2-iwcft  bretch-'oading  rifle  (nfoel)  of  SanSf 


i 

Po«Jer. 

PntJectlle. 

1 
1 

1 

II 
=  1 

Is 

It 

1 

4 

1 

II 

•3 

i  ■ 
im. 

Till  Apr.  IS 

70S  Apr.  IS 
7«IApr.  IS 
7<.7Apr.  IS 

"'■'■  it 

Kind.       j' 

!l 

F 

f 
-a 

If 

B 

•a 

"Jj 

Ml 

IB.. 

07 

I4t. 

f« 

FerL 

7.  OK 
T.SO 

10. 00 

11.50 

:;: 

s 
6 

li 
1 

s  e 

n.-r«.»:l.uiuid- 
Ity,  m 

"M 

...,. 

« 

1 

7.1  a;...-, 

7.2  Apr.  IS 

i 

n 

"Z 

,.' 

3 

1,.™ 

714  Apr.  IS 

.; 

1 

716  Apr.  IS 

i 

i 

i 

>'J 

1 

ij 

lUUC 

718  Apr.  IS 
717'Apr.  IS 
718  Apr.  IS 
Tl»  Apr.  IS 

3  8 

Lli 

10.  IS 

11.  Sn 
II.2B 

10.  s.. 

1 

8 
1 

i 

i 

720  Apr.  IS 
!  7211  Apr.  IS 

? 

* 

J: 

% 

-- 

10.50 
10.29 
ltt25 
10.  VS 

fl^'\\Th!Si- 

1  7il  Apr.  15 
,723  Apr.  IS 
1  720  Apr.  IS 
'  727  Apr.  IS 

1 

"! 

10,00 

10  00 

1 

s 

V| 

1 

'iV 

7211  Apr  IS 

■I-: 

1 

.a- 

. ..  j,»» 

730  Apr.  15 

.]. 

u      e 

731  Apr.  IS 

^ 

la 

B 

,.» 

lllLIO 

TK 

Apr.  15 

t 

^ 

,, 

n 

,.„ 
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Hook,  N,  J.f  from  October  15, 1884, 1o  September  15, 1885 — CoDtinaed. 


BUtanoe  fitira  center  of  target, 
in  leet. 


Vertical. 


HorizoDtal. 


Above. 


Below.    Right. 


Left 


Distance  from  center  of  impact, 
in  feet. 


Vertical. 


Above. 


Horizontal. 


Below.    Bight 


Filed  at  target  020  feet  from  gnnr.    Sighting  shot 


Left. 


0.67 
0.67 
0.17 
0.56 
0.13 
0.10 
0.83 

8.15 


0.42 
0.12 
L33 


0.36 


3.15-i-7=a45 


0.36 


0.08 
a  00 
0.84 


2.88 


2. 52-1.7=0. 86 


0.22 
0.22 


0.13 


0.98 


0.95 


0.28 


0.52 
0.35 


0.05 


1. 00-^7=0. 27 


0.24 


0.72 
0.28 
0.27 


L51 


0.06 


0.97 


0.48 


1.51 


3.02-1.7-0.43 


Spocial  remarks  abont  each  iire, 
such  AS  elft'ct  on  pifce,  soiin<(  uf 
piojertilt'  in  flight,  scatteiing  of 
h-agments,  dec. 


a 

9 

be 

il 

O   V 


o| 

*>  *  Ji 

©  •  a. 

a  a  9 
^^ 


Mean  vertical  deviation  from  cen- 
ter of  impact.  U.27  fe«^t 

M«)Hn  honzoutal  deviation  from 
center  of  impact,  0.43  feet 

Mean  deviHtion  tVom  center  of 
impact,  0.51  feet 


a 

taS 


I 
i 


0 


a 

o 

a 


o 

I 

s 

o 


M 

i 

bo 

I 
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REPORT  OP  THE  CHIEF  OF  ORDNANCE 


Record  of  firing  \cith  ZM-inch  hreech-loading  rifie  («/eel)  at  Sand§ 


<M  >  Time. 

o 

8 

d 


I 


1885. 
784  Apr.  15 

735  Apr.  15 

73G'Apr.  15 

I 
737  Apr.  15 

I 
788  Apr.  15 


P.  M. — Barometer, 
30.001;  thermom- 
eter.41.8;  humid  ^ 
lty,8». 


A.  M.~Barometer, 
29  055;  tbermora-^ 
eter,55.4;hamid- 
iiy,42. 


P.  M. — BfiTometer, 
29.95.'^:  thermom-'< 
eter,  55.4;  humid- 
ity. 42. 


730 
740 
741 
742 
743 
744 


Apr.  15 
Apr.  15 
Apr.  15 
Apr.  15 
Apr.  15 
Apr.  15 


745|Apr.  15 
74a,Apr.  15    ^ 
747' Apr.  15 
74i(Apr.  15 


749,Apr.  16 

750  Apr.  16 

751  Apr.  16 

752  Apr.  16 


753 
754 


755 


766 


Apr.  16 
Apr.  16 

Apr.  16 


Apr.  16 


757,  Apr.  16 
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Hook  J  N.  J.J  from  October  15,  1884,  to  September  15,  1885 — Continaed. 


Special  remarks  about  each  Are,  such  as  effect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fragments,  See. 


0 

a 

i 


1 


>  Rounds  710  to  748  were  fired  in  50  minutes,  gun  being  sponged  out  after  each  10  roands. 


Distance  firom  center  of  target, 
in  feet. 

Distance  flrom  center  of  impact, 

In  feet. 

1 

Vertical. 

HorisontaL 

Vertical. 

Horis 
Right. 

ontal.     1 

1 

Above. 

Below. 

RijEbt.     Left 
2.66    

Above.  Below. 

Left.    1 

1 

8.50 

0.81 

2.92    

2 

3.50 

2.50 

0.81 

1 
2.24 

a 

2.00 

0.75 



2.31 

0.49 

* 

6.96 

0.33    

2.67 

0.59 

a 

1 

• 

&00 
2.00 

0.16 

3.00 

3.69 

2.81 

0.42 

2.74 

Under 

3  50 
5.00 

target. 
2.84 

0.81 

2.60 

L06 

*» 
« 

1 
1 

s 

1.32 
7.57 

.  0.69 

% 

6.53 

^ 

«  *  •      ■  «  •  » 

34.48 

5.40 

7.05 

7.06 

6.53 

34.48-i.8=:4.31 

2. 08-«-8=0. 26 

14. 10+8=1. 76 

13.06-»-8=1.63 

; 

Oun  mounted  on  80  pounds 
Parrutt  carriage. 


i 

o 

9 

I 


s 


00 

3 


■3 

a 


Mean  vertical   deviation 

front  center  of  impact, 

1.76  feet. 
Mean  horizontal  deviation 

from  c«>nter  of  impact, 

1.63  feet. 
Mean  deviation  from  cen> 

ter  of  impact.  2.40  feet. 


O 


M 

9 
9 


9 

taS 

a 

at 
9 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2>i)icA  hreech -loading  nfle  (nleel)  at  Sandy 


P.  K. — BArompter, 
30.160;  thennora- i 
el  er,  70.2;  hum  id  ^ 
iiy,  3». 


P.  M.— BaroTOPter. " 
3(M46:  thpi-moni 
eter.77.3;hiuuid 
Ity,  44. 


A.  M.— Barometer, 
30  27*;  thernmra- 
«t«'r,o2.1;haiuid- 
Ity,  91. 


A.M.— Barometer.  ' 
80.416:  tliernioiii- 
eter.  71;  humid- 
ity, 65. 


1 


A.M. — Barometer, 
2U823:  themiom- . 
etHr.47.2;  houiid-  ^ 
ity,  68. 


e 
.a 

a 

9 


Time. 


1885. 


758 


759 


Apr.  21 


Apr.  21 


760  Apr.  21 


761 


762 


763 


764 
765 
766 

767 


Apr.  22 


Apr.  23 


Apr.  23 


Apr. 
Apr. 
Apr. 

Apr. 


Powder. 


KlDd. 


768  Apr. 
769|Apr. 


77<» 
771 


Apr. 
Apr. 


772;  Apr. 

773  j  Apr. 

774  Apr. 


24 
24 
24 

30 
80 
80 
30 
30 
80 


J 


30 
80 

775  Apr.  30 

i 

776  Apr.  30 

777  Apr.  80 

778  Apr.  30 
1    779  Apr.  80 


s 

CM 

cf 

I 

a 
a 


g 


a 


M 


a 
o 

8 


w^t 


8 


8 


8 


8 


8 


8 


8 


Projectile. 


Kind. 


> 


Is 

c  P. 

^< 
«^ 
e  el 

Is 


8 
8 

8 

8 


! 


;^ja 


3   8 
38 


I 


3 
3 
3 

3 

I 
3   8 

i 
3   8 

3 

3i  8 

3% 
sl  8 


OQ 


a 

"El 

^^ 

•Co 

5   - 


;£ 


< 


Wgi 


c:  o 

=    B 
Ci  s 


13 


12,  8 


13 


13 


13 


13 


12 
12 
12 

13 
18 
13 
13 
13 
13 
13 

13 

I 

13 
|13 

13 

I 

13 
113 


I 
I* 


6 


5 
6 
5 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


55 


mm  «« 

1^ 


Xbt. 


(■  s 

i| 


P4 


Feet.  Feet 


a 


|2 


^ 


S3 

a 


g. 


a 

I 

a 


B**  5 


I 


c  O    5 

l&a  1 

»    E   1.—     . 

£  «o  2 

B*a  i 


7.25 
&00 
7.75 
7.75 
7.75: 
7  75 
8.00 
8.00 
7.67 

I 

7.50 
7.75 
&00 
T.ffl. 


g 
>  p 


S 


Ml 

•c 

a 

I 


I 
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Hook,  y.  J.,  from  October  15,  1884,  to  Septrmh*r  X\  1H85— Continued. 


Special  remark*  about  each  fire,  sooh  as  effect  on  piecf*,  soand  of  projectile  in  flijcbt,  acattering  of 

fnigiiienttt,  dec 


% 


Fired  into  aand'batt. 


u 

I 
1 


Foae  84^t  at  5  aeconds.    Did  DOt  explode.    Shell  Rtrack  water  in  10} 
seconds. 


Fuse  set  at  5  seconds.    Broke  np. 


Fuse  set  at  5  seconds.    Broke  up. 


Fuse  set  at  5  seconds.    Fuse  failed  to  act. 


Becorered  in  butt  in  small  fragments.     Fuse  not  exploded. 


Fuse  set  at  8  seoouds.    Broke  up. 

Fuse  set  at  8  seconds  (wings  of  plunger  cut  off).    Did  not  explode. 
Fuse  set  at  3  seconds  (wings  of  plunger  cut  off).   Burst  in  2/,  seconds. 
Fuse  set  at  8  seconds  (wings  of  plunger  out  off).    Burst  in  |  seconds. 


Fired  into  sand>butt.    De  Bange  gas  check.    Breech-block,  worked  admirably. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Record  of  firing  aith  3-2-tiii;A  breich-loadmg  rljle  ( 


1 

1 

Time. 

Powder.             Prqleclils. 

r 

1 

ll 

i 

F«(. 

B.UO 

1. 

i 

EiDd. 

K    .      Kind.      , 

780 

If  at. 

Apr.  30 

7B1 

Apr.  »0| 

3 

:i  :: 

.;  1     .. 

>.»! 

78! 

Apr.  30^ 

3 



,.J 

i 

,„ 

Apr.  80 

s 

3 

,.,l 

'"■■•1 

Apr.  80, 
Apt.  80, 

1  ;; 

7te 

1 

J 

'■", 

1 

,» 

1 

f 

u 

J 

0 

8.00 
8.00 

B.83, 

T8;v  \fr.  30 
7g.>  i  pr.  30 
TS 1   \  or.  30 

3 

3 

l».S-J3i  tbcimnni- 

;:   h'  i'.. 

J 

8      ^„ 

7a3A»r.  80 

Q 

3 

"1 

i"    '" 

8.B7 

I 
1 

7H  Apr.  30 
79,;  Apr.  30 

I 
S 

3 

J 

1 

IS 

0 

8.28 
8.33 

.... 

7>S<A|n'.  M 

,3 

: 

I  ? 

0 

7.83 

8 
1 

1 

m 

IMS 

a 

" 

Ifaj  13 

i 
3 

j 

i 

--  so 

S 

i. 

1      1 
1 

fe""  1 

■80,187;  th^om'- 
eMr54.l;bnnild- 
Itj.Bl. 

1 

! 

^' 

if 

i 

P.M.-B.n™Bter,l 
^.Uttl;  lb«nni>m'  1 
eUr.Te.8i  humid.  1 

"' 

'"t 
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Hooh,  N.  J.J  from  Octoher  15,  18S4,  1o  Sepiemhtr  15,  1885— Continued. 


Bpecial  remarks  about  each  flro,  sach  a«  effort  on  pleoe,  tonnd  of  projectile  in  flighty  scattering  of 

fragmeiiui,  dco. 


After  round  786  the  gun  was  sponged  out,  and  bent  elevating  sorews  replaced  by  new  ones. 


Fired  into  sand  butt    Pe  Bnnpe  irnii-cbeGlc.    Breech-block  worked  admirably.    Time  of  firing  ronnda 
717-^0,  iticludiug  intervttl,  6U  miiiutes. 


Washed  out,  Rtar-gauge<l,  and  impressions  taken  of  vent-.    Mounted  on  80-pounder  Parrott  carriage. 


Firrd  oTcr  water:  Rtmrk  in  10  seconds.    Jdetallic  time-fuze  received  from  Franlcford  Arsenal  April 
21, 1885 ;  did  uul  explode. 


Fired  over  water  for  range.    Lost 


Do. 


Do. 


4626  OBD 36 
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Eeiand  mfjuv^  with  ZJtAmA  hrrtek-hmdimf  riJU  fHeei)  «f  Sgmig 


w?t 


§9    f* 


a 


k-  3 


t 

fluTJoae  2  I 
»«Joae  2 
M»JiuM  2 
6:0 Jose  2 
SllJoAe  2. 
8lL'  rune  2 
SlZJant  1 
aujaoe    2 


SlSJane    ?  i 


!     *.- 


MCJace  2 

817  Jane  2 

8 ('•June  2 

«l!>June  2 

friOJuno  2 

29.«K>;  fb^TiDoni'/    821  June  2>  > 

etei-.7u.8;  bumia 

ltjr,40.  81'2JaDe  2, 

^23  Jane  2 

j  824  June  2 

!      •  J 

825Jone  2 

;  820jQne  2 

JWJono  2. 

I  8'Jf  June  2 

;  82I»Jane  2, 

,  830  Jane  2 

I  I 

'  831  June  2 

'       '  i 

832  Jane  2 

833  Jane  2' 

834  June  2^ 

835  June  2 
I 

I  830  June  2 

t  837  June  2'^ 


9 


CI 


C-  Z. 


%   ^ 


2:         5—     —  s       5 

J2        rr      £S       2 


) 


I    ,Sj 


3  ^ 

3  8  I 

3  » 

3  * 

3  h 

3  ^ 


3   » 


3   f 


3  f»  • 
3.1 


3  e  I 

"I 

?     <     3  ^  > 

3  8 


a 


i4 


0 

O 

0 

Q 


3   » 


3   f 


3   1* 

r 

3   y 

i 
3   8, 

3   8i 

3   8, 

3   8 

3   8 

3   8 

3  8 

3  8 

'  3   8= 

3  8i 

1     1 

:  3  8', 

-a 
i 

3 

E 


3^1     ;n 
I     4 


3 


e3 


CO 

0 


a 
e> 

S 

o 

c 

H 

4. 

a 
es 
.a 


I 

U 
I 

13 

13 

I  « 

!l3 
13 

13 

13 

13 

13 

n 

13 
13 
13 
13 

<   13 
13. 
13. 
13 
13. 
13 
13 
13 
13 
13 
13 
13 
13 

t 

I 

13 

I 

I 
13 

13 
I  13 


IM.  FoL  Ft 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


28.150 


I 

1 

1 

1 

1- 

-1- 

1 

• 

1 

I 

1 

..• 

-■ 

1 

1 

I 

- 

!        j 
1...... ,.... 

1 

r 

1 

... 

• 

'       : 
t......  .... 

1 

t 
1 

1       » 
1 

, 

• 

< 

1 

1 
.1 

:         :    ; 

1 ,.... 

1 

< 

1 

-1 

-  j  • 

t 

1 

.  • 

1 

1 

! L... 

i 

s 
e 


s 

CM 


O  I 


u 

a 
<s 

s 
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SpeoiAl  remftrks  abont  each  fire,  sach  mb  efTect  on  p1<>oe,  sound  of  projectile  In  flight,  acetterfaig  of 

fi  agmenU,  &o. 


•s 

& 

I 

c 


B 

a 
S 

o 
p 


Gun  monnted  on  old  field  ctininfre. 

Alttr  tbin  round  there  waa  quite  a  large  fragment  of  nnoonaamed 

ImK  In  chamber. 
Veiit  vras  not  pricked  and  cartridge  failed  to  ignite;    Bag  nnoon- 

•imied. 


a 
1 


Baw-silk  cartridge-bog.  i 


The  mDRhroom  bend  waa  coated  with  remnanta  of  bag  mixed  with 
usual  powder  residue. 


Gun  cleaned  out. 


EEPOET   OF   THE   CHIEF   OF   OEDSAKCE. 

Bttord  o/JSritg  trilt  3.2-imih  brtcdi-loadi*g  rijit  (tletl)  a 


>n 


'4i  i 


F.H.— Barnnwti^, 


r.  H.— BumiiiFter. 

cler.(lj.lf|hau<"1-'< 
UJ.4Z. 


■J;  I 

FttL'FM. 


■  1 
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Hook,  y,  J.,  from  October  15,  1884,  1o  September  15,  1885 — Continued. 


Special  remarks  about  each  fire,  sach  as  effect  on  pfore,  soimd  of  projcotile  in  fligbt,  acatterinc  of 


.£3 

I 


c 
o 


rr 
P 

s 

o 
o 


;3 
.3 

a 

30 


I 


Gun  star  gaugod  anil  impression  of  vent  taken 


1 1)oIt  on  aarriago  taken. 


?S5 

a 

4) 
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Beeord  of/trittg  tciih  3.3-{i««fc  brteck-loadiiig  Hfle  (riwi)  ol  Stnif 


Poirder. 

1 

iri 

1. 
i" 

ih 

1 

Kind. 

n 
Eisd.       , 

1 

J    1 

11 

ii 

1 

euJuua  g 
itojdm  a 
BTlJnne   « 
ST^Jona    t 
glSJana    < 
874/000    g 

«7aJu»    B 

877-IMT..I      » 

:E: 

1' 

1 
i 
1 

a 
H 

1 

1  li 

I  i" 

1          |13 

1  i:: 

Hi 

I I 

3      , 

I 

Lbt. 

mt 

,.. 

1 
1 

i 

i 
1 

1 

3 

> 

; 

J 

e 

: 

! 

»u.r,n.-,.8iliiuiii<|. 



886 

re; 
ret 

'Zl 

1 
V 



±::: 

, 
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Special  remarks  about  each  fire,  such  as  effect  od  jtWw,  toand  of  prctjectile  in  flight,  seatteiixig  of 

fraj;m(iiits,  Ac 


>  Boonds  8S5-879  fired  in  28  minutes. 


M 

O  J 

.a 

SI 

« 

s 

o 


S 

S 

o 


Gon  washed  onl 


Rounds  880-904  fired  in  23  minotes. 
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wifh  2.%im€k  hrreA-iarndtm^  riJU  {wUd)  «f  Stmd^ 


7: 


P«Vi 


Wgb 


e  5     — ^ 


TTst 

s 


.  & 


I   i 


tea 

L   St 


t  -i 


P.  If nuitmHw. 


i9%'. 

« 

0 

MOJa:^ 

•  I        r  '  81 

MlJaM 

3  8 

1 

»>2^tUM 

3  8 
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»»^inM 

1 

3  9 

»,.  • 

MMJona 

3   8 

■: 
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9 

3  8 

I 

11          0 
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9 

3   8 

13..      • 

«7Jooe 
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1 
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• 
1 
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9 

g 
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•3 
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ca 

1 
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• 
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> 
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A 
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a 
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* 
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• 
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S 
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i 

13  -.      0 

I 

924  Jaoe 

1- 

* 

3  8 

9> 

n  .    0 

91 5  Juno 

9  ^     i?    ^    3  8 

r   ^    ^ 

.3..    0 

916  June 

A 

m 

3   8 

13'..!  0 
.   1 

917  Juno 
;  918  June 

• 

14 

3  8 

I 
3  8 

1 

1 

13..     0 
13..      0 

910;Tane 

9! 

M 

3  8 

13...    0 

1 

« 

1 

• 

'     t 

920  /nne 
921' /line 

9. 

0 

4 

3   8 

1 
'  3   8 

a 

13'..'   0 
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13..      0 
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0' 

Q 
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I 

1 

;^ 
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'3 

1 

8 
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0 
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0 
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8 

u .. 

0 

1 

^ 
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Juno 

0 

1 

3    8 

13 

0 
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Juno 

0' 

1 

3 

8 

:^ 

13 

0 

027 
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0 

3 

« 

13 
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1 
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1 

Juno 

9 
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13 

..!  0 
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0 
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1 
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BEPOET  OP  THE  CHIEF  OF  ORDNANCE. 
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Hooh,  y,  J. f  from  October  15,  ISrA,  io  September  15, 1885 — Continued. 


SpooUl  remorkt  about  each  fire,  saoh  aa  eflTect  on  ploro,  sound  of  projectilo  in  llicbt,  scattering  ol 

frugnicntu,  iic. 


M 

■ 

c 

& 

« 

c 
ce 

« 
P 


g 

e 

a 


^  Rounds  88(MK>i  fired  in  23  minutes. 


Gun  washed  out. 


Trail  liandspike  broke. 
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KEPOBT   OF   THE   CHIEF   OF   OJKDXASCE. 


Record  m 


wia 


kntek-Imm^Mg  ri/U  (ftod)  mi 


P«vdcr. 


f-i 


UTgl 


9 


c^-    "5  5 


^  s 


'  2 


.  «32Jbm 

» 

j  sn  JoM 

aUJnaa 

ttSJoM 

.  SMJbm 

1 

037  JniM 

■ 

9>'.Jnne 

t 

,  flOS^Jane 

010  JOM 

9*1  JOM 

( 


*».00l :  tii#.niM.m- j     «-«»«">•    9 

944  Jane  9 
9  IS  June  9 
:  946Jtme  9  > 
917  Jane  9 
048  June  0 
949JuD«  9 
OjO  Juno  0 
OSlJiine  0 
0ri2JuDO  9 
ODSJune  9 
904  Jane  0 
05'i  June  10 
936  Juno  10 

A,  M.-Bar«met«'r.  1 1  »5'  J""«  '». 
etcr.C-..0;bumiU.'^    0^8  Juno  10 


(  z  s 

i  8 

2  8 
»  d 

3  8 
3  8 

!     3  8 

3  8 

3  8 

3,a 


a 


a 


o 

CI 

I- 


3, 

8 

1 
3 

8 

1 
3. 

K 

1 

8 

«. 

8 

a 


a 

9 
t4 


8. 
8 

9 

8 


ity,  40. 


OOO.fune  10 


9G()|  June  10 
I  OeilJuno  10.  j 


3:  8 

I 

3!  8 


3   8 

I   : 

3    8 

3  8; 

3,8 

3    H| 

U 
I  I 

3   8 
8 


'  A 


I 


g 


•3 
.a 


s 


A  <  \^>    1 


C9 

a 


s 

a 
S 

a 

9 

.a 


13 
U 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

<  13 

13 

I 


-I 


8  J 


o  ' 


13.. 

0 

13.. 

0 

13.. 

'    0 

1 

13.. 

0 

13.. 

0 

13.. 

0 

13.. 

0 

13.. 

0 

13.. 

0 

13.. 

0 

13.. 

0 

I 
13.. 

0 

1 
13.. 

0 

uL 

0 

-I 


a 


1 

• 

•                 • 

1 

1 i  . 

1 

•                                         ■ 

!        '      : 

1 ■ ! 

1                          • 
i......   .....  ..... 

.      i 

1 

1 

■                      f                   ■ 
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1 
1    .. 

1 

i 
'                  1               • 

1 

! 

1 

1 

1 

■ 
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• 

— 

1    *  * "  * 

1 

1 

i> 


> 
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o 

a 

m 

8 

e 


o 
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m 

u 
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BEPOBT  OF  THE  CHIEF  OF  ORDNANCE. 


555 


Hookf  N.  J,,  from  October  15,  1884,  to  September  15, 1885 — Coutinaed. 


Special  xemarkB  about  each  Are,  sncb  as  effect  on  piece,  sonnd  of  projectile  in  flij;ht|  soatterliig  of 

fragmenU,  Ste. 


t      e 


a 

1 


In 
SB 


Q 


'3 
C 


0) 

>4 


d 


3 

s 

a 

o 
P4 


Gon  star  ganged  and  impreaaions  taken  of  Tent.    Kev  copper  Tent  bnahiog  pnt  In. 


REPOET   OF   THE   CHIEF   OF    OKDNAHCE. 

Secord  of  firing  uiith  :].S-iiicA  bnteh-loading  r}fle  (fleet)  at  Sa.'tij 


p.  M.— BaroDipter, 


\  SSI'Apr. 
•  006,  Apr. 


I  WO  Apr. 
l70llA)ir.    e'. 


II 


4i3| 

A  il 

°"  pi 


eSTApr. 
«»Api. 

WSApr. 
no  Apr.    9 
671  Apr. 

CTSApr. 
•7*  Apt.    9' 

STsUpr. 

I- 

OTTApr, 
ma'Apr. 
STRJApr. 


6B4ApT. 

Bgs:Apr. 


REPORT   OF   THE   CHIEF    OF   ORDNANCE. 
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Hook,  N,  J,,  from  October  15,  1884,  to  September  15,  1885— Coutinned. 


Special  retaarks  aboat  eaob  Are,  Buob  aa  effect  on  piece,  sound  of  projectile  in  flight,  aoattering  of 

fttfcjcmeiitis  See. 


Oan  Btar  ganged. 


I 

o 

I. 


^ 


1 
I 

'3 

9 

I 


■4* 

a 


EleTating  screw  replaced  by  new  one. 


Elevating  screw  bent. 


5 

a 

1 
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REPORT,  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  tHih  3.2-t«cfc  breech- loading  rifle  {sleel)  al  Sandf 


9i 

b 

2     Time. 

o 

J  , 

^  i 


"Powiler. 


Wftt 


Kind. 


e   = 

Cm  O 


A.  M.— Bsirometer, 
dO.ll'i:  tlit'iniom.  j 


1^85. 

702  Apr.  15 

703  Apr.  15 

704  Apr.  15 

705  Apr.  15 
HiT.  40.8;  humid- i     -«-  »  q-    ik 

707  Apr.  15 

708  Apr.  15 

709  Apr.  15 

I 
I 


5d 

o 


M.2 


P.  M. — Barometer. 
30.001;  th(*mti>ni- 
«t»>r.41.3;bumid' 
ity,  39. 


S    < 


•  tt 

Si- 

a'-' 


710  Apr. 

15 

711  Apr. 

15 

712  Apr. 

15 

713  Apr. 

15 

714  Apr. 

15 

715  Apr. 

15 

716  Apr. 

15 

717' Apr. 

15 

718  Apr. 

1 

15 

719  Apr. 

1 

15 

720  Apr. 

15 

721  Apr. 

15 

722  Apr. 

1 

15 

723  Apr. 

U 

724  Apr. 

15 

725  Apr. 

15 

726  Apr. 

15 

727  Apr. 

15 

728  Apr. 

15 

729  Apr. 

15 

730  Apr. 

15 

731  Apr. 

15 

732  Apr. 

15 

733  Apr. 

15. 

9* 

Ci 

a 
o 

3 


>* 


a 


Q 
\^ 

•» 
a 
o 

a 


'38 

3   8 

I 
3    8 


Projectile. 


Kind. 


3  8 

I 

3   8 

I 
3   8 

1 

3   8 

i 

3   8 


3   8  1 


6  J  *■ 

a  ^  -t 

i.  9  X 

§  =** 

•z  a  > 

^  5  $ 


3   8 

3   8 

■     I 
3   8, 

S'  8 

I 
3   8 

I 

3   8 
I 
3.  8 


8 
8 
8 
8 


3   8 

vl 

3  8 
3  H 
3  8 
3'  8 
8 


u 

•9 

9 

a 

o 

> 

.A 

is 

•A 


& 


a 


i  3 

3   8| 
3  8 

3   8 

I 

3   8 

1 

I    3   8J 


a 
J 


a 
« 

B 
I 

M 

a 


Wgt 


g  i 


< 


I  i 
13.. 

I 
13  .. 

1 
13.- 

13.. 

13-. 

13  .. 

(  I 
13 

13 


r  13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
18 
13 
13 


li 

SI 


2 


i 


5^ 


O    /    I 

0  7 


Lbt, 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 


>  a 

^^  3 

2§ 


e  s 

3  ^^ 


Feet 


i 


7.00  1 

7.08 

7.50 

10.00 

11.50, 

17.50 

17.00 

17.00  f 


10.50  1 

11.75 

10.50 

10.50 

ILOO 

11.50 

10.25 

11.50 

11.25 

10. 5< 

10.50 

10.25 

10.25 

10.  ib 

ia75 

10.00 

10.00 

10.25 

10.25 

10.25 

10.00 

10.25 

10.00 

laoo 


> 


•3 

£^ 


.-a 
Jg 

a 

2 


o 


s 
a 


8> 


2 

a 

e 


< 


I 


KEPORT  OP  THE  CHIEF  OP  ORDNANCE. 
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Book,  N,  t/.,  from  October  15, 1884,  lo  September  15, 1885— Continued. 


Diatanoe  frcini  center  of  target, 
iu  leet. 


Vertical. 


Above. 


Be]ow. 


Horizontal. 


RiKht. 


Left 


Distance  from  cc'nter  of  impact, 
in  feet. 


Vertical. 


Horizontal. 


Above. 


Filed  at  target  020  feet  from  gnnr. 


Below. 


Right. 


0.67 
0.67 
0.17 
0.56 
0.13 
0.10 
0.83 


0.36 


8.15 


0.36 


0.42 
0.12 
1.33 


0.08 
a  09 
0.84 

2.88 


3.151-7=0.45    i    2.621-7=0.36 


Sighting  shot. 
0.22 


Left. 


0.22 


0.13 


0.38 


0.05 


0.28 


0.82 
0.35 


0.05 


1.901.7=0.27 


0.06 


0.24 


0.72 
0.28 
0.27 


1.51 


0.97 


0.48 


1.51 


3. 021-7-0. 43 


1 


Special  remarks  abont  each  fire, 
such  an  t-ttVct  on  piece,  sound  uf 
pioje<-til«^  in  flight,  soatteiing  uf 
fragments,  &c. 


0 

& 
11 

O   D 

Si 

H 


cs 
®  «  .^ 

sis 


Mean  vertical  deviation  from  cen- 
ter of  impact,  U.27  feet. 

MeMn  horizontal  deviation  from 
center  (tf  impact,  0.43  feet. 

Mean  deviatiim  t^m  center  of 
impact,  0.51  feet. 


i 

o 

I 

i 

i 

1 

■8 

a 

o 

§• 


o 
o 
ja 
o 

i 

I 

P 


BEPORT    OP    THE    CHIEF    OP    ORDNANCE 

Record  of  firing  tcilA  3.^-Jnch  breecfi-loadiiig  riJU  (ttetl)  af  &*ijr 


P.H.-Banimeter, 


TM  Apr.  16 

TBsJApr.  IE 
730' A  pi 
T8TApi 

TSSApr.  IS 

7M  Apr.  IG 

740  Apr.  IS 

741  Apr.  IS 
74!  Apr.  IS 

743  Apr.  IS 

744  Apr.  IS 
74SApt.  IS 
748  Apr.  IS 
747  Apr.  1^ 
74)1  Apr.  IS 


74BAp[ 
JSOApr.  Ifl 

7S1  Apr.  in 


111:1 


i  U 


& 

m 
ijl 

[  =^ 

1!  iH 


BEPORT  OP  THE  CHIEF  OF  ORDNANCE, 
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Hookf  N.  J. f  from  October  15,  1884,  to  September  15,  1885 — Continaed. 


Special  remarks  about  each  fire,  such  as  effect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fragments,  &c. 


s 
3 

a 


v  Rounds  710  to  748  were  fired  in  50  minutes,  gun  being  sponged  out  after  each  10  rounds. 


Distance  from  center  of  target,     Distance  fh>m  center  of  impact. 


in  feet. 


in  feeU 


Vertical. 

Horisontal. 

Vertical. 

Horiz 
Right. 

1 

ontal.     1 

1 

Above. ,  Below. 

1 

Rijsht. 

Left.     Abova 

Below. 

0.81 
0.81 
2.81 

2.31 
0.81 

Left. 

8.50 
3.50 
2.00 
6.96 
8.00 
2.00 

XTnder 

3  50 
5.00 

2.66 

0.33 
0.16 

target 
2.84 

t 

2.02 

0.59 
0.42 

2.60 

1 

• 

2.50 
0.75 

8.00 

2.67 
3.69 

1 
2.24 

0.49 
2.74 

1.06 

1.82 
7.57 

.  0.69 

...   .  • • • 

34.48 

5.49 

7.05 

7.05 

6.53 

6.53 

34.48-1-8=4.31 

2.08-*- 

8=0.26 

14. 10-*-8=l.  76 

13.06-«-8=1.63 

Gun  mounted  on  30  pounds 
Parrott  carriage. 


I 
8 

e 

o 

a 


o 

a 


f5i 

H 

9 


9 

fli 
9 

B 


if 


a 

O 

s. 


0* 

o 
a 


I 

o 


Mean  vertical  deviation 
from  renter  of  impact, 
1.76  feet. 

Mean  horizontal  deviation 
from  04'nter  of  impact, 
1.6:{  feet. 

Mean  deviation  from  cen- 
ter of  impact  2.40  feet  , 


bS 

9 
bS 

a 
PQ 

9 

Q 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  vith  3.2-tficA  hreech-loatiing  nfie  (steel)  at  iSanif 


P.  M. — Barometer, 
80.169;  theriuora- ■ 
eter,70.2;  huuiid  ^ 
ity,  8tt. 


P.  M. — Barometer, 
8(>.140;  thermom- 
eter, 77.3;  humid- 
ity. 44. 


A.  M^. — BRTometer, 
80  27  J;  thermiira- 
et  (-r.-Vi.!;  humid- 


I 


A.M. — Bflrometer,  f 


80.416:  therniom 
et<T.  71;  humid 
ity,  55. 


•  I 

1 


o 
S 

3 


758 


759 


1885. 


Apr.  21 


Apr.  21 


760  Apr.  21 


761  Apr.  22 


762 


Apr.  28 


703  Apr.  23 


764  Apr. 

765  Apr. 
Apr. 


766 

767 
768 
769 


Apr. 
Apr. 
Apr. 


77«i  Apr. 


771 


Apr. 


A.  M. — Barometer, 
2UH23;  themioin- . 
etKT  47.2;  humid- ^ 
ity,  68. 


772,  Apr. 
773  Apr. 


774 


Apr. 


775iApr. 

I 

776  Apr. 

777  Apr. 
778;Apr. 


779 


Apr. 


24 
24 
24 

30 
30 
80 
30 
30 
80 
30 
80 
30 
30 
30 
30 
80 


Powder. 


I 


S 

CI 

a 
S 

0 
C 

g 


* 

a 
«) 


0 


WKt 


8 


8 


3 


3 


8 


8 


8 


8 


3  8 

3  8 

3  8 

3  8 

3  8 


Projectile. 


Kind. 


aS-3 
S  s;  ^  "^ 


1 


CO 


Is 


I 


_"< 
«^ 

B  ca 

.B  *^ 

Eg 
•  ca 


1 


i.S'2 

09 


8|  8 
3;  8 
3'  8 
8 
3|  8 
31  8 


S 

^1 

Sir 

A, -a 

&« 

•Sit 

T3® 

1 


Wgt 


w  ® 

c  c 

=  B 

C  = 

-  c 


13 


12   8 


13 


13 


13 


13* 


12 
12 
12 


13 

13! 

13 

13 

13 

13 

13 

13. 

13 

13 

13 

13 

13.. 


a 
o 


6 
5 
6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


S." 


H 


ex 


S   1.=  ^ 


Xte. 


>  a 
St 

B  »ii< 


O 

PS 


Feet.  Feet. 


7.25 

8.00 

7.75 

7.75 

7.75 

7.76 

I 

&00 

I 

8.00 
7.87 
7.50 
7.76 
&00 
7.8S 


•c 


^ 


9i 

1 

e 


o 

B 


B 
I 

B 

o 

£ 

C  us  b 

^1- 


I 


4-- 


-  ■        i 

i-x  -  f 


£  5=  0  1 . 


B-  2 


g 

■  a 

« 


a 

00 


US 
M 

X 

B 

i 
I 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
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Hook,  N.  J.ffrom  October  15,  1884,  to  iSeptrmbfr  l'>,  l^^So — Contiiiaed. 


Special  remarks  abont  each  fire,  sooh  as  effect  on  pftoci",  soaod  of  projectile  in  flight,  scattering  of 

fragments,  Sec. 


I 


Fired  into  sand-batt. 


I 


Hi 
f-s 

-  —  •a 

"^  i  9 

c  2  » 

£*«  a 

X  a, 
^  c 

$"«  j: 

.  a 

-  «  o. 

!!-• 

2   V   3 

<  ae-«i 

-  •*=  "^ 

^   SI  5 

•*<  ^  a« 

i  X  Q 

C  «  §  a 

esa  »  " 
—  I'  '^  S 

•a  »'^' « 

?3 


Fuse  S(^t  at  5  seconds.    Did  not  explode.    Bhell  stmck  water  in  10| 
seconds. 


Fuse  set  at  5  seconds.    Broke  up. 


Fuse  set  at  6  seconds.    Broke  np. 


Fuse  set  at  6  seconds.    Fuse  failed  to  act. 


Beoovered  In  butt  in  small  fragments.    Fuse  not  exploded. 


Fuse  set  at  8  secouds.    Broke  up. 

Fuse  set  at  8  seconds  (wings  of  plunger  cut  off).    Did  not  explode. 
Fuse  set  at  3  seoonds  (wings  of  plunger  cut  off).    Buret  in  2/«  seconds. 
Fuse  set  at  8  seconds  (wings  of  plunger  out  off).    Burst  in  1  seconds. 


Fired  into  sand-butt.    De  Bange  gas  obeok.    Breech-block,  worked  admirably. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Rtcord  of  firing  with  3-2-iti<;A  hretch-loadivg  rifle  {steel)  ai  Swdif 


A.  M. — Barometer. 
29.823 ;  thermom- 
eter, 47.2;  humid- 
ity, 68. 


Projectile. 


'    lf:85. 

780  Apr.  30 

I 

781  Apr.  30 


782  Apr. 

1 

30 

7&3  Apr. 

30 

784 

Apr. 

30 

785 

Apr. 

30 

786 

Apr. 

30 

787 

Apr. 

30 

788 

Apr. 

30 

789,  Apr.  30 


P.  M.— Barometer, 
80.157;  thermom- 
et«r.54.1 ;  humid- 
ity, 81. 
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EEPORT   OF   THE   CHIEF   OF   ORDNANCE.  545 

Hookf  N.  J,,  from  October  15,  1834,  io  September  15,  1885— Continued. 


Special  remarks  about  each  flro,  each  as  effort  on  pieoe,  sonnd  of  projectile  in  flight,  scattering  of 


After  ronncl  786  the  gun  was  sponged  ont»  and  bent  elevating  screws  replaced  by  new  ones. 


Fired  into  sand  bntt    De  l^nnire  frnmcheclc.    Breech-block  worked  admirably.    Time  of  firing  rounds 
7i7-4iC0,  iijcludiijg  intei  vhI,  6U  mijiutei». 


Washed  ont,  ntar-gauged,  and  impressions  taken  of  vent.    Mounted  on  80-pounder  Parrott  carriage. 


Firfd  oTpr  ti-afer:  sfnirk  in  10  seconds.    Metallic  time-fuze  received  from  Fiankford  Arsenal  April 
21, 1885;  did  nut  explode. 


Fired  over  water  for  range.    Loat. 


Do. 


Do. 


4625  ORD 36 
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REPORT   OP   THE   CHIEF   OP   ORDNANCE. 


Beoord  of  firing  wUh  X2-inch  breeok-loading  rifle  (steel)  at  Sawdif 


P.  M. — ^Baroinoter, 
2«.800;ihpriuomv,i 
eter,7u.8;  humid- 
ily,  46. 
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REPORT   OF   THE   CHIEF   OF   ORDNANCE. 
Hook,  N,  J.  f  from  October  15,  1884,  to  September  15,  1885— Con tiaaed. 
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Special  remarlcs  about  each  lire,  such  as  efTect  on  piece,  soimd  of  projectile  In  flight,  acatterlng  of 

fiagmenU,  &o. 


.e 


Gan  monnted  on  old  field  oiirrinfi;e. 

After  ihiM  ronnd  there  was  quite  a  large  Augment  of  nnoonsomed 
ling  in  cliaiiibor. 

Vfiit  was  not  pricked  and  cartridge  failed  to  Ignite;  Bag  nnoon- 
somed. 
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Baw*ailk  cartridge-hog.  < 


The  mnnhrootn  hettd  was  coated  with  remnants  of  hag  mixed  with 
uaual  powder  residae. 


Gon  cleaned  ont. 
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EEPOttT  OF  THE  CHIEF  OP  OEDNANXE. 

Accord  of  firing  Kith  3.2-ituh  breecJi-loadlitg  T\flt  (»l6el)  ai 


P.M.— Bimnti 
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Jnne   2 


J  2 


REPORT  OP   THE   CHIEF   OP   ORDNANCE.  549 

Hook,  N.  J. f  from  October  15,  1884,  io  September  15,  1885— Con tinaed. 


Special  remarlts  aboat  each  fire,  such  as  oflect  on  pfere,  soniid  of  projcotile  In  flight,  acattering  of 

liuj;meula,  Sec, 
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Qun  star  ganged  and  impression  of  vont  taken 


^  I     1  bolt  on  earriago  taken. 


S3 

a 


a 

3> 


BEPOKT  OP  THE  CHIEF  OF  OHDNANCE. 

Bewrd  of  firing  vAth  'AM-ineh  hretch-loading  Hfie  ( 


P.  If .— Bannniitci 
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REPOKT   OP   THE   CHIEF   OF   ORDNANCE,  651 

Hook,  N.  J,,  from  October  15,  1884,  to  September  15,  1885— Continued. 


Special  remarks  about  each  fire,  sach  as  effect  on  piece,  soand  of  pro^fectile  in  flight,  acattaring  of 

fragmenta,  dbc 


>  Boanda  855-879  fired  in  28  minntea. 


^  J  Gun  trashed  out. 
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Bounds  880-904  fired  in  23  minntea. 


EEPOET  OF  THE  CHIEF  (5f  OEDNANCE. 

Utcori  of  firing  vilh  3,3-inoA  hreteh-loading  rifie  {steel)  ol 
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BEPOBT  OP  I'HE  CHIEF  OF  OEDNANCB. 
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Hook^  N,  J, J  from  October  15, 18b4,  io  September  15, 1885— Continued. 


Spooial  remarks  abont  each  ftre,  saoh  aa  efToct  on  ploro,  aoand  of  projectilo  In  flislit,  ac&ttoring  ol 
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t 


'  Roands  880-004  flrod  in  23  mlDotea* 


Gan  washed  out. 


Trail  handspike  broke. 


p.  M.— Bid 

Sii.lHIl :  til 


REPOBT    OF    THE    CHIEF    OF    ORDNANCE. 

Jleeord  of  firing  trilh  3.S-fncJt  bneeli-Joadiiig  rifia  (itral)  ai 
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REPORT  OF   THE   CHIEF   OF   ORDNANCE.  555 

Hook,  N.  J.,  from  October  15,  1881,  to  September  15, 1885--Coii  tinned. 


Bpedal  remarks  about  each  lire,  micb  aa  effect  on  piece,  sound  of  ptojecttte  in  flight,  scattering  of 

fragments,  &o. 
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Gon  star  ganged  and  impressions  taken  of  Tent>.    Keir  copper  vent  bnsbing  put  in. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Rtcord  of  firing  with  'iM-inch  breeeh-loading  rifle  {steel)  at  Saniy 


A.  M. — Barometer 
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et«r.  6o.U;  Uuiuid-^ 
Ity,  48. 
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EEPORT   OP   THE   CHIEF   OF   ORDNANCE.  557 

Hookf  N,  J,  f  from  October  15, 1884,  to  September  15, 1885— Continued. 


Special  remarks  about  each  fire,  sncli  as  effect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fnigments,  &c. 


Fired  into  sand  bntt.    Do  Bangs  gas-check. 


REPOET  OF  THE  CHIEF  OP  OEDNANCB. 

Seeord  of  firing  mlh  3.2tni:h  breech-loadiiig  rifle  (t'wf)  at 
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REPORT   OF   THE   CHIEF    OF   ORDNANCE. 
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Hookf  N.  J.,  from  Ootoher  15,  1881,  to  September  15,  1883— Continued. 


Special  remarks  aboat  each  fire,  each  an  effect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

frai^ments,  &o. 
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RonncU  O-IVIOM.    After  these  100  n.nnds.  \einperatare  of  chase  near  mu7./.le.  374o  Fahrenheit. 
Time  of  firing,  1  hour  and  'M  minutes. 
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BEPORT   OP   THE   CHIEF   OF   ORDNANCE. 


Itecord  of  firing  with  2,2-iHch  breech-loading  rifle  (aUel)  at  Sanig 


i  £ 


A.M.— BnTometer, 
80.007:  ili»«i""»iM-'{  ! 
6101.05.0;  humid 
ity,  40. 
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EEPOET  OF   THE   CHIEF   OF   ORDNANCE.  561 

Saok,  N,  J,f  from  Ootober  15,  1884,  to  September  16, 1885 — Continued. 


Speciai  remarks  about  eaoli  Are,  anoh  as  effect  on  piece,  sound  of  proJectUe  in  flight,  scattering  of 

fragments,  Ac. 


•         

•g    Sounds  955  to  1,054.    After  thesA  100  roonds  temperature  of  chase  near  mnisle,  874^  Fahrenheit' 
S  <     Time  of  firing,  1  honr  and  80  minutes. 
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G-nn  star-ganged  while  hot  immediately  after  firing;  gon  star-ganged  when  oooL 


Bounds  1,056  to  1,100,  inclasive,  fired  in  23  minutes. 
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EEPOET  OF  THE  CHIEF  OF  OBDMABCE. 

JtMord  nf  firing  wiA  3.%4tuik  tntek-htMng  rifle  (ttml)  ti 


P.  M.— Biromator 


lOUJuu 


iDesjuoa 
lOTOJana 


^l 


III 


REPORT   OF   THE    CHIEF   OF   ORDNANCE.  563^ 

JBfooky  N.  J.,  from  October  15,  1884,  to  September  15,  1885— Continued. 


Special  remarks  about  each  fire,  sncb  as  effect  on  piece,  sound  of  projectile  in  flight,  scattering  ef- 

fragments,  Sm. 


Fired  into  sand  butt.    De  Bange  gas-check.    Boxmds  1,056  to  1,100,  inclusiTei  fired  in  23  minntesw 


BEPOET  OP  THE  CHIEF  OP  ORDNANCE. 

Bword  of  firing  with  3.2^ncA  ftrtMA-Ioodiii;  TiHe  (ifoal)  i 
Powder.  Prqleotile. 


iTLn,^ 


HOD' Jul 
11107  J  till 


r.  H.— BuoDMtar, 
U.MMithemuHD- 
eter,  87.9;  humid- 
ay,  01. 


ms  Jana  ] 
US9  June  11 
11180  Jon 


llSSJan 
;ilM  JODD  1 
.lia.'i  Jnna  1 
IuSSJdi 


Wgt 


H 


till; 

II  lis 


s 

S2,0IS 



FM-Fft 

i.m. 

1.W3 

1,M8 

1 



.... 



; 

REPORT   OF   THE   CHIEF   OF   ORDNANCE. 


56& 


Hookf  N,  J.,  from  October  15,  1884,  to  September  15,  1885— Continued. 


Special  lemarkB  aboat  each  fire,  snob  as  effect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fragments,  &c. 


I 

P 


'  Bounds  1104-1187  fired  in  one  boar. 


n 

1 


56g 


BBPOET  OF  THE  CHIEF  OF  OEDNANCE. 

Beoori  of  firing  viith  Z.Z-ineh  ^trtedi-loaAiug  r\fi»  (tfi 


r.— Barometer, 
IW«i  thermom- 
*^.>i  bumld- 


tgUane  \ 
M Jnne  1 


114S  JoD*  ie' 
IIW  Jana  16, 
linjnns  16' 

IIU  Jam  10 
!llM  June  16 
:llG5,Jaaa  16 
llSaJuDs  16 
IllETJona  Ifl' 
'll58Jane  10 
IlSflJuiie  10 
'llBOJane  is 
lIGlJuDelO 
1102  Jddb  10 
111  S3  Juno  10 
IIM  lane  10 
1IS9  Jane  10 
llOa'jtuie  10 
1177  June  16 


■15 
I'! 


ill 


8* 


BEPOBT  OP  THE  CHIEF  OF  ORDNANCE. 


667 


Hook,  N.  J.,  from  Oetohor  15.  1884,  to  Septembor  15,  1885--Continii6d. 


Special  romarks  about  eaeh^flre,  taoh  as  effect  on  piece^  sound  of  projectile  in  flight,  Mattering  of 

fhigments,  &o. 


I 

s 

p 


0 
JO 

I 

s 

a 

I 


^Bonnds  1104-1187  fired  in  one  honr. 


s 

a 


6nn  star-ganged. 


ass 


5i| 


a 
IH 


Fnse  marked  A1.    Folminate  remored.    Ko  bursting  charge.    Shrapnel  broke  up  in 
butt ;  fuze  recovered  intact. 


REPORT  OF  THE   CHIEF   OP  ORDNAHCE. 

Beoori  offirittg  witt  ZM-inek  hrteeMoadimg  rifie  (lUtl)  at  SmJt 


A.  U.— Banmister. 
3a.WS;  th«niioiii- 
etar,  C(t.li  hnmld- 


eMr,  W.3;  hamld- 


P.  U.-~Buinneter. 
m.lMiUitnnom- 
•ter^.3;  bnmld- 


A. U.— Buonuter,  F," 


ina  IT 
UTO  Jan*  IT 
llTl  Ji 


1174  Jun 
IITSJds 


iieijnir  IS 

llSSJnIjr  ib' 

ll«3July  IS 

1184  Jnl;  15 

lias  Jul;  15 

iisajuir  IS 

llgTJJnly  IS 

liSgJnly  15^ 

lIMJnly  IS 

11  M| July  IS 

lUlljaly  IE 


II 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


569 


Hook,  N.  J,,firam  October  15,  l^*b4,  to  September  15,  1885 — CoDtinaed. 


Special  remarks  aboat  each  fire,  each  as  effect  on  piece,  sound  of  projectile  in  flighty  soatterlnK  of 

fragments,  Sec, 


I 


.a 


e 


I 


i 


o 
> 

o 

t 


•a 

a 

d 

II 
IS 

« 
B 
>» 

u 
•♦» 

o 


Fnse  marked  C2.    Set  at  3  seconds ;  1}  ounces  mnsket  powder  borsting  charge.    Burst  50 

feet  In  front  of  gnn. 
Fuse  marked  Bl.    Set  at  8  seconds ;  1|  oanoes  mnsket  powder  bursting  charge.    Borst  In 

gun. 
Fuze  marked  A2.    No  plunger  or  bursting  charge.    Struck  in  8  seconds.    One  ft«gment 

striking  short. 


^Fuse  marked  B2.    Ho  nlunger  or  bursting  charge.    Broke  up  in  gun.    Fuse  and  brass 
head  recoyered  down  oeach  intact. 


Fuse  marked  C^.    Set  at  8  seconds ;  6^  ounces  bursting  chMrge.    Burst  in  8^  seconds. 
Fuze  marked  B2.    Set  at  8  seconds ;  6^  ounces  bursting  charge.    Burst  in  2  seconds. 
Fuze  marked  Al.    Set  at  3  seconds ;  6^  ounces  bursting  charge.    Burst  in  21  seconds. 


To  try  metallic  time-fuzes  re- ) 


composition.)  j 


Fired  into  sand  butt.    De  Bange  Kas-check. 


'  Composition  time  ftize  set  at  8  seconds. 
Composition  time  fuze  set  at  3  seconds. 
Braes  time  fuze  set  at  8  seconds. 
Brass  time  fuze  set  at  3  seconds. 
Composition  time  fuze  set  at  5  seconds. 
Composition  time  fuze  set  at  5  seconds. 
Brass  time  fuze  set  at  5  seconds. 
Brass  time  fuze  set  at  5  seconds. 
Composition  time  fuze  set  at  10  seconds. 
Composition  time  fuze  set  at  10  seconds. 
Brass  time  fuze  set  at  10  seconds. 
Brnsa  time  five  set  at  10  seconds. 


jine  of  flre  constantly  changed  on  account  of  moving  vessels. 


Burst  in  2^  seconds. 

Burst  in  2|  seconds. 

Burst  in  2  seconds. 

Burst  in  1|  seconds. 

Burst  in  4^  seconds  (probably  slow  in  taking  time). 

Burst  in  3^  seconds. 

C  Exploded,  prematurely,  about  50  yards  in  front  of 
\     muzzle. 

Burst  in  8i  seconds. 
Burst  in  8  seconds. 
Burst  in  9{  seconds. 
Burst  in  tl|  seconds. 
Burst  in  12  seconds. 


570 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Becord  of  firing  with  3.2-tiic&  hreeoh-loadimg  rifle  ($Uel)  at  SoKtdg 


A.  M. — Barometer, 
29.M9;  thermom- 
eter, 78.8;  humid- 
ity, 69. 


( 


I 


a 


Time. 


Powder. 


Kind. 


1885. 


U92J11I7  161 

1193  Jaly  15 

1194  July  15 
I 

1195  July  15 


A.  M.— Barometer*. 
t0.085;  thermomi 
eter,  81.8;  humid 
ity,73. 


f  119«Jnly  17 
1197  July  17 


P.  M.— Barometer, 
80.071;  thermom- 
eter, 75.4;  humid- 
ity, 55. 


1198  July  17 


1199 

I 
1200 


Aug.    6 
Aug.    6 


I'' 


A.  M. — ^Barometer, 
80.076;  thermom- 
eter, 73;  humid- 
ity, 78. 


f  1201  Sept  4, 1 

1202Sept  4 

1203  Sept  4 

1204'Sept  4 

1205  Sept  4 

I        I 

11206  Sept  4 

1207  Sept  4 

1208  Sopt  4j 


ef 

o 


00 

a 

o 

Q 


00 


it 

So 


Wgt 


Projectile. 


00 

a 
o 


4> 

'I 


Kind. 


8 
8 

8 

I 
8 


I 


111 

—  "  s  s 

^  J.'  p  p 

00 


Wgt 


••  .! 

001 00 

h3l«; 

d  ai 
o  0I 
A<0 


lis 
13| 
13 
13 


J 


I  3   8 


3   8 


1 


3   8 


I 
3   8 

I 


a  o 
M  u  Z 

CQ-^  00 

•=«i=  S  ® 
•-3  06. 


18. 


13 


^ 


13 


5 


•r  >  •  es 


I     ; 
I 

3;  8  1 
3   8 

3   8 

I 
3   8 

3   8 

I 
3   8 

312 

I 
312 


^^  08  4 


C^ 


12 

12 


I 


^O  08 


5g 


2 

a 

la 


& 


13. 
'13. 


13 
13 
13 
13 
13 
13 


H 

1 

.  E 

^a 

^1 

3§ 

« 

C      a.u 

1 

1 

Instrumei 
100  foet  t 

• 

0  / 

^i*«. 

FmL  \F€«L  ' 

i 

1 

19 

k 

1 

13 

■ 

13 

' 

18 

4 

• 

1 

o  9 

In  « 


a 


k 

0 

o 

a 
o» 


if 

« 


I 


I  S 


E 

o 


0 

a 


>«< 


5 
5 


-15  37, 100 1, 703 


-15  35,900 
-15  35,800 


1.691 
1,684 


I 


9.00 

9.00 

9.00 

10.00 

10.50 


-15  87. 250  1, 693 

I  ' 

— 15  36,7001,698 


-15  32, 7501. 649 10' 00 


10.00 


10.00  J 


-15,36, 300il,  719 

I 
-I5I35, 900 1, 711 


9 
o 
ja 

c 
a 

J 

B 

CO 

S3 

.S 

•o 
a 

oa 

2 

a 
z 


o 


<2i 

a  01 

sa 


B 
b9 


^' 


REPOBT  OP  THE  CHIEF  OF  ORDNANCE. 
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Hook,  N,  J,y  from  October  15,  1884,  to  September  15,  1885 — Continued. 


Speoial  remarks  about  wtcb  fire,  anoh  as  effeet  on  pieco,  sound  of  projectile  In  flight,  scattering  of 

fhkgments,  Slo. 


i1 
^^ 

M 

hi 


Composition  time  ftize  set  at  15  seconds. 
Composition  time  faze  set  at  15  seconds. 
Brass  time  faze  set  at  15  seconds. 
Brass  time  faze  set  at  15  seconds. 


Burst  in  15  seconds. 
Burst  in  15  seconds. 
Burst  in  15^  seconds. 
Burst  in  13|  seconds. 


f  M 


Line  of  fire  constantly  changed  on  account  of  moving  vessels. 


It 

>  a 


Fired  over  water  to  try  fuze;  composition  ftize  )  Broke  into  three  fragments,  one  striking  beach 
set  at  5  seconds ;  shrapnel  contained  1^|  ounces  >  50  yards  firom  gun,  one  struck  water  75  yards 
musket  powder,  bursting  charge.|  )     from  gun,  and  one  strack  water  in  3|  seconds. 


Fired  over  water  to  try  fuze;  brass  fnze  set  at  ^  tj-qi.^  j-  three 
5  seconds;  shrapnel  contained  IM  ounces  >Qr*.~.'j„  .„, 
musket  poVder,  bursting  charge.  >     3  seconds  an< 


iragments;  one  struck  water  in 
and  one  in  6  seconds. 


Fired  into  sand  butttotry  ftize;  brass  fnze  set )  Broke  in  bore  into  many  fragments;  80  hits 
at  5  seconds;  no  bursting  charge  in  shrap->  counted  on  boards  covering  sand  butt  ;ftiae  and 
neL  )     half  of  base  of  shrapnel  recovered  from  butt. 


1 


Frankford  metallic  time  fuze  set  to  explode  at  5  seconds.    Burst  100  yards  in  firont  of  gun.    No 

small  fragments  noticed. 
Fran  1^ ford  metallic  time  fuze  set  to  explode  at  5  seconds.    Burst  in  or  near  gun.    Number  of  small 

fragments  noticed  striking  directly  in  front  of  gun. 


i 


s 

A 
o 


s 


'Opened  and  closed  easily. 

Do. 

Do. 

Do. 

Do. 

Very  slight  escape  of  gas.    Block  opened  easily. 
Considerable  escape  of  gas.    Block  opened  rather  haHL 
No  escape  of  gas.    Block  opened  easily. 


REPOET   OF   THE   CHIEF   OF   ORDNANCE. 

Beoord  of  firing  ailk  3.2'i*ok  brMok-loadtng  rifie  {tUel)  at  Samif 

Hi 


11 


ill 


III 


1313  Sfpt.  ■ 

.1215,  Sept  4' 

!l21«'s^pb  4. 

1217,9.pt.  4 

jlilSSept  t\ 

iI21BSFpt.  ' 

laaoBept  ■ 

iKJ:s.-pi.  ' 


P  U—Bkromi 
M.«W:  Ui*ra._ 
eter,  TT;  hDmld- 


t! 


V, 


lZ3Z|5«pt.  4 

imSept  4 

I2345ept.  4 

12J5Sept.  4 

123GSt>pl.  4 

IZSTSepL  4 

1238  S«pt.  ' 
laSBSept. 

1240  Sppl. 

1241  Stpt  4 

1242  Sept.  4 
1143  SepL  4 
1314  Sept.  4 


A' 


REPORT   OF   THE   CHIEF   OF   ORDNANCE.  673 

Hook,  JSr.  J,  J  from  October  15, 1684,  to  September  15,  1885— Continned. 


Speoial  remarlu  about  each  fire,  snoh  u  effect  on  piece,  sound  or  protJeotile  in  flight,  scattexing  of 

fragments,  &o. 


i 

I 


»^  Boands  1209  to  1260  fired  in  86  minates. 


3 

a 

1 


BEPORT  OF  THE  CHIEF  OF  ORDMANCE. 

ReMid  of  firing  ailk  Z.Z-ineh  bnech-lmtding  ri/le  (tfwl)  at  Sni/ 


!     18BS. 
iSO'Sept.   4 


BTI&fpL  i 

l-lfflSBpt,  4 

1371  SepL  4 

lOTBBept  i 

1273  S  pt  4 

1274  bppt.  i 


li70SflpL    4 
SO  Sept.    l|J 


11 

fi 
1 
I 
1 

1 

4 

1. 
.i 

■„]"■■ 

F4*L 

Fett: 

-..! 

-IS 
_I5 

-IS 
-10 

;■;;; 





-11 

■::i::: 

-13 

i 

s 

9 

,. 

8 

f     * 

1 
1 

^, 

■ 

-IS 



1 

-IS 

-IB 

—IS 



IB 

-IS 

REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


576 


Hook,  y,  J.ffrom  October  15,  1884,  to  September  15,  1885--Continaed. 


Speoial  reniArks  »bont  each  flre,  such  u  effect  on  piece,  soand  of  projectile  in  flight,  softttering  of 

fhigmente,  du). 


%      ^ 


I 


9 


I 

S 

a 


a 
a 

8 

a 


ai 


Onn  wiped  out  with  oil  sponge^  »nd  formetare  cleaned  off  with  watte. 


■3 
S 

i3 


576 


EEPORT   OF   THE   CHIEF   OF   ORDNANCE. 


Reoord  of  firing  with  3.2-tnoft  breech-loading  r^le  {eteel)  at  Sndjf 


«M     Time. 


Kind 


Projeolile. 


1885. 
1281  Sept 


P.  M.— Barometer, 
29.965;  ihermom- 
eter,  77;  humid-' 
ity,  76. 


1296 


A.  M.— Barometer, 
29:954;  thermom- 
eter, 68;  humid- 
ity, 80. 


1299 

ISOO'Sept 

I 
1301  Sept 

Sept 


1302 
1303 


Sept 


1304  Sept 

I 

1305  Sept 

1306  Sept 

1307  Sept 
1 

1308  Sept 

I 

1309  Sept 

1310  Sept 

1311  Sept 

1312  Sept 

1313  Sept 
1.314:Sept 
1315  Sept 


S 


Wgt 


Kind. 


3  8 
3  8 
8   8 


3   8 


3;i2 
3  12 
312 


312 


^ 


d 

O 


9 

.a 
2 


a 

CO 

CO 

a 
d 

.O 

3 

a 

a 

H 

« 

s 

'S 

02 


1 

1  . 

SD 

a 

i 

0    fl 

o  a 

P^  O 

I 


ri3 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
<  13 
13 
13 

is' 

13 

I 
13 

13 

13 

13 

13 

13; 

13 

13 

13 

13 

13 

13 

13 

13 


I 
■3 

OS 
► 

P4 


Is 

ft 

a 


o    / 
15 

—15 

—15 

—15 

—15 

—15 

—15 

—15 

—15 

—15 

—15 

-16 

—15 

—15 

—15 

-15 

—15 

« 

—15 
—15 
—15 
—15 
—16 
—15 
—15 
—15 
-15 
—15 
—15 
—15 
—15 
—15 
—15 

—15 

I 
—15 

H 

—15 

I 
—15 


Lbs, 


Ot-i 


FeeL,.Fe§L 


9 


_  0 


•3 

a 


r 


12.00 

12.00 

I 

12.00 

I 

12.00 


,ff. 


c 
.a 

a 

m 


B 


& 


.a 

•c 

§ 

••a 

a 

I 


s 
s 

8 
1 


o 
e9 


e9       J 

9 

2 

I 


BEPOKT  OP  THE   CHIEF   OP   OEDNANCE.  677 

Mooh,  N.  j.,j^om  October  15. 1884,  U>  S^temlw  15, 1885-Coi.anued. 


'"'"•^'"'-"'•-^'-•■^-'SiSn'X'^---''''^-'"''"^^ 


I 


.  ^  J^^.  J2HSS?  «~>  to  «  mlnntw. 

3 

s 


KouncU  mMSOO  «be,to.  mSSS^^i^eeeed  oat  «,.owhat  fh,m  the 


I 


i 


I 

i 


Odd  star  gauged. 

Aboot^toehwrnored  from  rear  tooe  of  obtu«t«r.    Opened  little  .Off.     No.«»peof 
HoeMspeofgM.    Block,  opeiwd  imd  olo«ed  eMlly. 


4625  OBD 37 


REPOKT  OF  THE  CHIEF  OF  OKDNANCE. 

Beoord  of  firing  tcith  3.2-Jnch  breeeh-loading  rifie  (Keel)  ai 
'  Powder.  Pr(t)eatUe. 


'  1318  St'pt  R 

1319Sh|)1.  B 

lK2aepl.  B 

lt23S«pt.  J 

jigts^Sepr.  0 

asSepL  sj 

jlSI7Jaept  5 
IgJSJSspl. 

NSepl.  Hi 

30  Sept.  N 

ai  Sept.  S 


mi  si>p(. 

'l33e|s*pU  E 

lasvjsept.  e 

^ISSslscpb  S 
is»|sepr. 
13to|8«pt 

lUliSapt  S 

'lM2:9«pl.  ! 

ll3t3;SepL  t 

MJaept  ! 

UHSept  I 


'ISUHSe' 


IMSSept  Gj 

llMTiaepL  G^ 

iWsept.  ! 

.IM>3«pt  I 

jlSSo'Sept.  : 

'itSlBcpt  B 

luslSept.  d 

llUslsepL  s!. 


^ilS 


I 

3I3i 


::: 

1 

Lb*. 

1 
1 
1 
S 

AM. 

1 

'■] 

-» 

:: :::; 

:\ 

in 

' 

-ifi 

-IS 

-15 
—IS 
-IS 

-IS 

-IB 

-IS 

-16 
-IS 

-IS 

-16 

I 

j 

' 

• 

! 

1 

1 

! 

j 

i 

1 

1     1 

....  1.  . ' 

. 

..  i     ' 

REPORT   OF   THE   CHIEF   OF    ORDNANCE.  579 

H^cky  N,  J,yfnm  Ootoher  15,  1884,  to  September  15,  1885— <^ODtinued. 


9^64si*l  remarks  aboat  each  fire,  saoh  as  efteot  on  piece,  sound  of  projectile  in  flight,  soatteriBg  of 

fi^^igmente,  tec. 


I 


1 

3 

B 


After  this  round  vent  stopped  and  had  to  be  drilled  out. 


Fired  Into  sand  butt.    Freyre  gas-oheck» 


578 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  9,2-inoh  breeck-loading  rifle  {steel)  at  8tu4§ 


9 


1318 
1319 


Powder. 


Prt^eotild. 


Time. 


Wgt; 


Kind. 


I    I 


1885 
Sept    5 


Sept  5 

1320  Sept  5 

1321  Sept  5 
13228ept  6 
1323|s«pt  5 
1824  Sept  6( 
1325  Sept  5 
1826^Sept  5 
1827JSept  5 
|l328'Sept  5 
1329  Sept  5 


Al.  M.— BATODieter, 
20.964;  thermom-^ 
eter.  68 ;  .humid 
ity,  80.  J.. 


11330 

I 
1381 

I 
1332 

I 

1333 

1. 
1334 

s 

1835 


Sept.  5 

Sept  5 

Sept  5 

Sept  5 
Sept 

Sept  5 


1336Sept    5 


1337  Sept  5 

1338  Sept  6 

1339  Sept 

1340  Sept  5 

1341  Sept  5 

1342  Sept  5 

1343  Sept  5j 

1344  Sept  5 

1345  Sept  5 
1346'Sept  5 

1347  Sept  5 

1348  Sept  5 

1349  Sept  5 

I 

1350Sept  5 

1851  Sept  5 

1352  Sept  5 

1853  Sept  5 


o 

i 


I* 


I 

P 


a 

a 

& 


Kind. 


5; 

12 
12 


3;  12 


12 
12 
12 
12 


3|12 
3il2 


3 


12 


3,12 
312 


12 
12 
12 
12 
12 
12 
12 


312 

I 
312 

i 

312 
812 
312 

3,12 

I     I 
312 

812 


12 
12 

12 

12 
12 


I 

312 

I 

8'l2 

312 
312 


a 


t 

9 

•s 

Hi 

m 

I 

9 


CO 

I 


I 

9 

s- 

9 

i 


Wgt 
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a  V 
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I   I 

''118. 
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13 
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I 
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I 

13 
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In 
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I 


S  if  a 


8 


I 

So 
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13 
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13 
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13.. 

13.. 
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13 
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13 

18 
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-16, 

—16 

—16 

—15 

—16 

—16 

—16 

—16 

—16 

—16 
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-15 

-15| 

-16| 
I 

-15; 

-15! 
—15 
—15 
—16 
—15 
—15 
—15 
—16 
—16 
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—15 

—15 

t 
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—15 
-15, 
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REPORT   OF   THE   CHIEF   OF   ORDNANCE.  579 

fl#oft,  N,  J,,  from  Ootoher  15,  1884,  to  Septembor  15,  1885— ^Jontinaed. 


SlHoial  remarks  aboat  each  fire,  saoh  as  efteot  on  piece,  soiuid  of  projectile  in  flight,  scatteriBg  of 

ft;^igmente,  &o. 


! 
I 

I 


Aiter  this  round  vent  stopped  and  had  to  be  drilled  oat. 


Vired  Into  sand  butt,    Freyre  gasw)heck» 


680 


BBPOKT  OF   THE   CHIEF  OF   ORDNANCE. 

H«cor4  of  firing  «nrk  3.2-iiicA  bnteh-loaMng  riJU  («t«et)  at  A 


!      1 
i 

II  -. 

s 

1^ 

Powder. 

ITq)s<iUla. 
Kind.      LL 

1 

1 

II 

J 

^1 

AM. 

!*#.  W 

i 

,ias.sU.,.i,  i 

.'„ 

IB. 

-15 

|l3»'s<'|>i.    I 

.;.. 

13. 

-IB 

.... 

It 

' 

! 

,     .  1  / 

V; 

i  : 

Ah 

Si! 

1  ;:. 

-IS 



.... 



.13WS.-i.r.    t 

6 

1  i5- 

ii 

1  "!■ 

-li, 

-15 
-IS 

;: 

... 

;i37:.s.,,,.   S 

n 
4 

i 

IS 

12 
12 
1! 
12 

-IS 

-» 

-IS 

S-«=: 

;,. 

s; 

1    -v 

IS. 

i  - 

-IB 
-15 

!..   . 

f 

..2 

-16 
-15 

...  .! 

iaKis<T.'.  s 

It'l- 

16 

l.l».S,.|,..    5 

. 

' 

■;■' 

jlSanSmt    E 

i: 

1 

—15 
-15 

P-M 

1 

REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


581 


t.  N.  J.,  from  Oetoher  15,  1884,  to  September  15,  1885— Contlnaed. 


^■flfaJ  reouirks  •boot  aaeh  ilr«,  aaoh  m  effect  on  pleoe,  eoimd  of  prqJeotOe  In  flight, 

frsgmento,  See, 


■oatterii^ef 


I 

i 


Bonnde  1S«S  to  Ittfl  fired  In  18  mlnntee. 


fimll  of  eMTtago  beot  and  ovooked,  and  eeTen  rlTote  broken  off. 


582 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  ^,2-inoh  brMoh'loading  rifle  («(Mi)  at  ted^ 


Powder. 


S 

2  ,  Time.  ' 


Kind. 


▲•  M.— Bwometar, 
M.280;  thermom- , 
eter,  64;  humid-' 


I    1885. 
1387  Sept  11 

18886ept  11 

1389  Sept.  11| 

1890  Sept.  11 

I 

1891  Sept.  11 

1892  Sept  111 
1398  Sept  Hi 
1394|Sept  IV 

I  ; 

1395Sept  11> 

I  I 

1396  Sept  11 

1897  Sept  11 

1398  Sept  11 

1899  Sept  11^ 

I 

I  I 

1400  Sept.  11' 
UOlSept  11, 

1402  Sept  ll| 

1403  Sept  11 

1404  Sept  11 

1405  Sept  11 

1406  Sept  11 

1407  Sept  ll| 
1408,Sept  ll| 

1409  Sept  111 

1410  Sept  111 

1411  Sept  11 

I        I 

U12'Sept  11. 
1 1418  Sept  llj 
|l414  Sept  ll' 

;l415Sept  11 

I        I 

1416  Sept  11 


jl417 

1418 

I 

Il419 

1420 

1421 

11422 


Sept  11, 
Sept  llj 
Sept  HI 
Sept  11 
Sept  11 
Sept  11 


o 

? 

a 


I 


I 

a 
Q 


'Wgt 


'43  9 


PrctJectile. 

Wgtl 


Kind. 


.P^ 


,  812  1 

I 
I  812 

I  8 12' 

812 

'     I     ' 

812 

I  : 

812 

312 

I 

;  812' 

I  I 

i  312 


a 
« 

Q 


« 


12 
12 

3'l2 

I 
3,12 

I 
312, 

I 

312* 


12| 
12| 


3!l2l 
3,12 
812 
312 
312 
812 

312 
I 

312 
,    I 
,  812 

812, 

3il2i 

312 

812 

812 

8121 

312 

I 

812 


I 

o 

a 


4  i 

o  a 


ri8.. 

18... 

t 

13.. 

1 
18.. 

W.. 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13.. 

13.. 

18.. 

13!. 

13 

13  .. 

18..! 

18.. i 

13.  1 


13. 
18. 
13 
Il3 
13 
13 
18'.. 
18.. 
I  13  .. 


f 


I 


o  f 

• 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0* 

0 

0 

0 

0 

0 


£1: 

flS  9 


S  o 


Lift 

84,000 

85,550 
34,250 


ll 


F9et 

1,746 

1,746 
1,727 


? 


fWt 


9 

s 


0 

o 
.a 

d 

m 

m 
9 

a 
8 


9 

I 

a 


I. 


REPORT   OF   THE   CHIEF   OF   ORDNANCE.  583 

Hook,  N,  J»,from  Ootober  15,  1884,  to  September  15,  1885— CoDtinued. 


Speolal  remarks  aboai  eaoh  fire,  auoh  u  eifeot  on  piece,  sound  of  protJeotile  in  flight,  soattorlng  of 

firagmento,  &o. 


t 


I 

0 

i 

s 
a 

I 


Bolt  of  elevating  screw  box  broka 


>  Fired  In  11  minntes. 


Assembling  bolts  for  axle  plates  broke  and  bad  to  be  impaired. 


586 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2'inoh  breeok-loadii^  r\fiB  (steel)  at  tedy 


Powder. 


Projectile. 


1  2 

a 


Wgt 


Time. 


Kind. 


A.  M. — Barometer, 
80.280;  thermom- > 
eter,  64:  humid 
ity,  81. 


1885. 
1458  Sept.  11 

1450Sept  UJ 

1460  Sept  11 

I 

]46l|8ept  11 
1462  Sept  11| 
!1463Sept  11 ' 

1464  Sept  11 

1465  Sept  11 

1466  Sept.  11 

1467  Sept  11 

1468  Sept  11 

1469  Sept  11 

1470  Sept  11 

1471  Sept  11 

1472  Sept  11 
1473[sept  11 
U74.Sept  11 

1475  Sept  11 

1476  Sept  11 

1477  Sept  11 

1478  Sept  11 

1479  Sept.  11 
1480Sept  11 

1481  Sept  11 

1482  Sept  11 

1483  Sept  11 

1484  Sept  11 

1 

1485Sept  11 

1486  Sept  11 
:       I 

1487  Sept  11 

1488  Sept  11 

P.  M.— Barometer,      1489  Sept  1 1 1 
80.226;  tbermom*  | 

eter,  68;   humid- •{  11400  Sept  11 
ity,  68.  '  ' 


149i;Sept  11 
1402!sept  11 
iUOS'Sept  11 


o 
o 

I 

B 


s 


I 


1-^ 


43 

a 
o 

a 
Q 


a 

0 

o 


PiO 


>     S      < 


8 


3 

3 
3 
'  3 
3 
3 


12  1 
12 


12 
12 
12 
12 
12 
12 
12 

312 

I 

312: 

I    I 
312| 

312 

I 
312 


312 


!  3  12; 

I  312 
i  312 

'  s'l*' 

■        I         1 

;  312 

;  t  I 

312 

'    I    ; 

I  3  12 

■  3'12 

I     I 
!  312 

312^ 

!      I 


312 
312 
312 
812 
312 
312 
312 
312 


12  J 


Kind. 


I 


i 


Wgtl 


§ 

13'. 

13! 

I 

18;. 

13 
13. 

w. 

13 

> 

13 

I 

'13! . 

13 

13 

il3 

I 
13 

13 

13 

13 

13 

13 

13 

13 

13| 
13, 
13 
13 


13. 

I 


13| 
13, 
13 
13 
13 
18 
13 
13 
13 


Sir 


a 
o 

1 

9 


o  I 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 


Lbt, 


►  a 


3 

8 


FetL 


FmL' 


•I- 


134,000 

'35, 000 
•35, 350 


1,750, 


1,740. 


1,747. 
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EEPOBT   OF   THE   CHIEF   OF   ORDNANCE.  587 

Hook,  N,  J,y  from  October  15,  li*84,  to  September  15,  1885— Continued. 


Speoiftl  nmarkB  aboat  eaoh  Are,  anoh  m  effect  on  piece,  sound  of  projectile  in  flight,  aoAttering  of 

AragmenU,  Ao. 


Block  Jammed  in  carrier. 


i 

1 

I 


S 
1 

.9 


>  Ronnda  1412-1483  fired  in  47  mlnatee. 


1 


Block  stock  after  firing  and  opened  wltb  difBcnlty ;  working  parts  wiped  ont  with  oUed  waate 


Onn  star-ganged. 


^  V  Rounds  1487-1686  fired  in  82  minates. 


I 

s 

1 


REPOKT   OF   THE   CHIEF   OP  ORDNANCE. 


MC 


1B85. 
IW|8«pt  It 

Itgjsept  II 
tttTJBapl.  11 

UMSept  11 

|150D  Sept  11 

OlSepL  111 

|l5aj8o|>L  11 

MScpt  n 

ISOs'svpt  llj 

ItMSept.  II 

lEOTSapt  llj 

DSSapt,  ll| 

ISODBcpL  ll! 

lOSepb  llj 

II  Sept.  II 

IS  Sept  11 

[3  Sept  II 

I  Sit  S«pt  11 
ISlS^Sept  11 
Itlllsapt  11 
ISlRJsept  II 
151B3«pt  II 
IBM  Sept  11 


I      -    I — ;■ 


!l 


11 


IBSa'Sept  11 
tS»  Sept  II 

l!>£S3ept  11 
UMSept  II 

ISZT  Sept  11 
lta«8ept  11 
inWBept  11'. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


589 


M90kj  N.  J,,  from  October  15,  1884,  to  September  1.%  1885— Continaed. 


Speelftl  remarkt  about  each  fire,  hucIi  m  off«ot  on  piece,  sound  of  projectile  in  flight ,  m«tteriu^  o 

fragmentB,  A.o. 


I 

■g 

i 
I 
I 

^   'Soanda  1487-1636  fired  in  82  minutee. 
i 

a 
I 


REPORT    OF   THE    CHIEF    OF    ORDNANCE. 

Stoord  0/  firing  icitk  S.S-fxih  bnetA-laadiiig  rf/b  (_tte$l)  at  Sm<| 
I  Powder.  PrajMlUe. 


Tlmt 


IsAStpt  11 
lASl^Sapt.  II 
inSBvpL  It 


Nupt  11 

\t-M  Wop 
311  Si'P 

tu:s«pt,  11 

11  Sl'pL  11 

ns.pni 

I.--  Si.pt  II 

ii. -.  pt.  11" 


IMi'Sepl.  II I 
IGSSJSept.  11' 
IBHisept.  II 
IMS  Sept  lli 
16M  Sept-  II 
lSS7|s«pt.  11' 
Sglsept.  Il| 

jlMojsept.  11 
«  Sept.  Ill 
|l9«3jSepC- 11 
jlMalSapt.  11 
IBM  Sept.  II 

{mwlsept.  11 


Wgt 


Wet 


'1^  u\ 


111 

II 

h 

i\ 

if 

1 

U..     0 

13..     « 

IS   .[    0 
U..I    0 

11. .1  • 

;;r| ; 

i»L.    0 
la..    0 

t: 

u'.J   . 

v.. 

Ftt. 

J 

1 
i 

1 

i 

1 
1 
1 
1 



' 

. 

REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

■ 

Bo»k,  N.  J.,  from  Oetobv  15, 1884,  to  September  15, 1885— Continued. 


691 


Sp«olAJ  remarka  about  each  flrc,  taoh  a«  effeot  on  piece,  soand  of  projectile  in  flight,  soattering  of 

fhigmente,  &4i. 


»Roanda  1487-1586  fired  tn  32  minntea. 


A 
2 


I 


i 


% 

a 


a  >  Roundfi  1537-1586  Ahm!  in  25  minut4>A. 

•mm 


592 


BEPOET  OF  THE  CHIEF  OF  OBDNANCE. 

Ueeord  of  fiHug  tritii  3.3-iiMA  br#soA- loading  riJU  (*t«el)  «1  & 


P.  M, — Buodwter. 
M-ISSi  UiennoDi- 
etcr  S8;  humid. 


;iMeSei>t.l] 

^IMT'sept.  II 
IMSScpt. 

isea'sept. 

1510  Sept.  11 
lS718iipt. 


l»4Sppt. 

1575  Sepl.  11 
1518  S^t.  11 
IBTTSept. 
lIi78Sept  11 
ISIfi'SepL  11 

I5SI  Sopt, 
IMISopl. 

llS838«pt. 
jl5USapt. 
ll58SS*pt. 

|1&87  Sept.  12 
libSSept.. 

lisssSepi.  IS 

llSM  Sept. 
IMlBcpI. 

'lWS|6«pt. 

llSesWpt.  12 


liiw'Sept.  li 
IGMSopt.  IJj 
IBODSitpt.  1 

1801  Srpl.  1 


3ll2 

312 

I 

»:«, 

1 

B12 

!fi 

i>"i 

|.|. 

1 

■  s'li! 

iS 

i  312i 

1 

i  312 

1 

3'l2 

3W 

\ 

1 

1 

i 

'f 

w 

\in 

■I.. 

1 

[.'„ 

1 

isia 

1 

\zn 

1 

I M 

' 

1 

i 

'■ 

s 

i, 

1 

11 

P 

P 

ii 

F*tt 

1 

1 

REPORT   OF    THE   CHIEF   OF   ORDNANCE.  593 

Hook,  N.  J.yfrom  Ootobmr  15,  1884,  to  September  15,  1885— Continued. 


Special  remarkt  about  aaeh  fire,  aaob  aa  eflbot  on  pleoe,  sound  of  projaotilo  in  flighty  aeattwing  of 

firagmenia,  fto. 


I 

I 

£ 

^  f  Bonnda  1SS7-15S6  llred  In  16  mlnntea. 

■*»  ' 
a 

i 

S 

a 
1 


4626  ORD 38 


EEPOET   OP   THE   CHIEF   OF   OBDNANCE. 

Bewrd  ^firing  wftt  3.3  iMft  brttek-Uxuling  ryu  (ttort)  ■! 

k 

el 


lS8i. 
Sept.  1! 

ipt.  II 

ipt.  i: 


A.  M.— Barometer. 


160S  iepU  1 
Sept.  1! 

Sept.  12 

•pt.  II 

16 1<  Sept.  12 

I  Sept.  12 

lata  Sept,  1 

ITJSept.  1 

1618  Srpt.  1 


upt.  1! 
l6J4|Si'pt.  12 


1625S 


Sept 
I628;8ept.  12 
182s!sbpI. 

'Sopt  12 
IDStlSi'pt. 
1632' Rrpt. 
1633Rept.  IZ- 

;Sppl.  12l 
leWSrpt.  12l 


BEPOBT   OF   THE   CHIEF   OF    ORDNANCE.  595 

Book,  N.  J.,  from  Oetoher  15,  1834,  to  September  15,  1885-Continued. 


8peoUl  xemarks  ftboat  aAoh  flra,  tnoh  m  effMt  on  piece,  toimd  of  proJeotUe  in  fllcht,  Mattering  oC 

ftAgments,  ftc. 


e 

it 
& 


^  >  BoundJi  1587  to  1636  tired  in  2»^  minateM. 

a 

« 


EEPOET  OF  THE  CHIEF  OF  OSDNANCE. 

Reeord  of  firing  ieilh  3.3^iuA  brttah-loading  riJU  (aKel)  at  Stall 


P.  U.— Barm 

30.^4;  thei 
fWr,  71;  b 


l?|K»pt,  12 
ii  s.i[ib  IS 

TrSspL  11 
SS«pV12 
nlSopt.  I! 
,n!sspl 
.I'.^i'pt  II 
.'.'s.ipt  la 

4;.-iopt.  II 
.7!B«pt.  II 

iS  S»pt.  II 

■alsc-pt.  It 


Kept.  12 
Sept  IS 


li 


BEPOBT   OF   THE   CHDSP   OF   ORDNANCE.  597 

Hook,  N.  J.,  from  Ootobor  15, 1884,  to  September  15, 1885— Gontinned. 


Speoiftl  rranarks  about  eaoli  fire,  tiiob  m  effect  on  pieoe,  soimd  of  projectile  in  fllghti  •catterbiK  of 

fragments,  Ac. 


M 

o 
« 

o 

i 
I 

.A 

3 


*  Ronnds  1886  to  1686  fired  In  45  mlnutee. 


REPOBT  OF  THE  CHIEF  OF   ORDNANCE. 

Beoori  ofJUing  nilh  3.3-iiMft  breedi-loaiiHg  rf/b  («tMt)  «l  Staif 


n 


p.  H.— Bwometor, 
2D.S1B;  lUmniim- 


n  Sept.  19 

ICra  Sept.  1! 
73  Sept.  12 
T<  S«pt.  f2 

ItTESapt  v; 
IS  Sept  I'J 
17  Sept.  J  J 
JH  Sept.  r: 
IB  Sept.  l: 
BOSepL  i: 
Bl  Sept.  1^ 
S2  Sept  13 
K)  Sept.  12 
M  SepL  I! 
Si  Sept.  12 
H  Sept,  IS 

1087  Sept.  1. 

lOSfi'Sipt.  IS 

iteslsept.  i: 

INLilsept.  IS 
IWI  Sept.  15 

lU^jsept.  II 
KISjISept.  11 
lOM  Sept  15| 
lODSSept  r 
B  Sept.  1 
Ifl07|s*pt.  1 
l9B8|->ept.  V 

tesoscpt.  11 

ITINlSepL  I 


[11  Sept.  1 


1704  S^pt-  1"'| 
liOAlScpt.  15 
llojlscpt  IS^. 


REPORT   OF   THE   CHIEF   OF   ORDNANCE.  599 

Book,  N.  J.  f  from  Ootobw  15,  1884,  to  Soptember  15,  18d5^Coiitinaed. 


SpeolBl  renuurlct  »b<mt  e^oh  fire,  taoh  m  eflBsot  on  pieoe,  soond  of  prqjeotile  la  flight,  toaUeriiig  of 

fr»gmento,  Sta. 


>  Roanda  1686  to  1686  find  in  46  minvtet. 


Onn  stor-gangod. 


Fired  into  sand  butt.    Fieyie  gas-check. 


602 


EEPOKT   OF  THE   CHIEF   OF   OBDNANCB. 

BanerA  of  firing  mtt  J^-inofc  bTMeh-UtMng  rlfit  («ImI)  <1  Soh^ 


p.  II.— Bunrasli 

cl«r.R2.4^huiiil 
Ity,  W. 


176) 


I  1§U. 
II43  SepL  11 

1744  SapL  IS 

lT4SSept.  IB 

174«8ept. 

1T4T'sepk  IS 
r4BSapt.  It 

ru3«pt 
lie  Sapt.  IS 
IS)  Sept.  IS 
r»  B^t.  IS 
rra  Sap).  IS 

ITM 

S*pt.IB 
Sept.  IS 
Sapt. 
Sept.  IS 

8epL 
S«p(- 

neiisept.is 

rK'Sept  IS' 

tT(ltSept.lS 
lIMSept.  It 

Sept.  IS 
1707  Sept.  IS 
I7S«  Sept.  15 
17aS  Sept.  IS 
lTTD,Si'pl.  IS 
1771  Sept.  IS 
1T73  Sept.  IS 

1773  Sept.  1S| 

1774  Sfpt.  IS 

1775  Sept,  15 
jlTTO  Sept.  IS 
Il777'3rpt.  W 


li 


a 


REPORT   OF   THE   CHIEF   OF   ORDNANCE.  603 

Hooky  N.  J.y/rom  Ooiober  15,  1884,  to  September  15,  1885— Continaed. 
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REPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  THE  UNITED  STATES  POW- 
DER DEPOT,  DOVER,  N,  J.,  DURING  THE  FISCAL  YEAR  ENDED  JUNE 
:M),  1885. 

By  Major  J.  P.  Farley,  Ordnance  Department,  Commanding. 

(2  plates.) 

U.  S.  PowDBR  Depot, 
September  9, 1885. 
The  Cheep  OP  Obdnanob,  U.  S.  A., 

Washington^  D,  C.  : 

Sib  :  I  have  the  hoDor  to  snbiuit  a  report  of  the  principal  operations 
at  this  post  daring  the  fiscal  year  ending  Jane  30,  1885. 

The  following  statement  exhibits  the  amoant  of  fands  received  and 
expended  during  the  present  fiscal  year : 

RSCEIVBD. 

1884. 
Jnly  1.  Balance  on  depoait  with  the  assistant  treasurer  United  States  at 

New  York $8,509  78 

Amount  appropriated  for  Powder  Depot  available  after  July  1,  1884 40,000  00 

Amount  allotted  for  ordnance  seryice  available  after  July  1,  liidi 1, 000  00 

Total  available 49,509  78 

EXPENDED. 

Amount  expended  for  labor  on  magazine  No.  3 $5, 720  52 

Amount  expended  for  material  on  magazine  No.  3 13, 729  09 

Amount  expended  for  incidentals  on  magazine  No.  3 5, 188  44 

24, 638  05 

Amount  expended  for  labor  on  magazine  No.  4 913  37 

Amount  expended  for  material  on  magazine  No.  4 59  94 

Amount  expended  for  incidentals  on  magazine  No.  4 259  85 

1,233  16 

Amoant  expended  for  labor  on  stable 3, 588  98 

Amount  expended  for  material  on  stable 3, 943  47 

Amount  expended  for  incidentals  on  stable 2, 007  00 

9,539  45 

Amount  expended  for  labor  on  office 466  75 

Amount  expended  for  incidentals  on  office 124  60 

591  36 

Amount  expended  for  general  repairs  of  buildings 620  89 

Amount  expended  for  incidentals  in  repairs  of  buildings 165  76 

786  65 

Amount  expended  on  roads,  grounds,  &c 9, 075  36 

Amount  expended  in  incidentals  on  roads,  grounds,  Slc 2, 421  00 

11,496  36 

1885. 
Jane  30.  Amount  available  for  future  expenditure  and  on  deposit  with 

the  assistant  treasurer  United  States  at  New  Tdrk 1, 224  76 

49, 509  78 
Not€,^^*  Incidental "  expenses  under  each  head  is  a  pro  rata  distribution  of  miscel- 
AneouB  expenses. 
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MAGAZINE  NO.  3. 

Work  on  this  building  has  been  contiuaed  during  the  present  fiscal 
year.  Prior  to  June  30,  1884,  the  following  work  had  been  done  on  the 
building :  93,000  cubic  feet  earth  and  rock  excavated  and  removed  from 
foundation  Kite,  and  13,130  cubic  feet  mortar  masonry  laid  in  founda- 
tion walls.  1,839  superficial  feet  stone  were  cut  and  dressed  for  steps, 
sills,  &c.,  at  a  cost  of  $7,061.65. 

Since  July  1,  1884,  and  up  to  the  end  of  the  present  fiscal  year,  3,231 
superficial  feet  stone  were  cut  and  dressed  for  roof-truss,  water-table, 
steps,  sills,  &c.  The  iron  floor-beams,  columns,  ceiling-beams,  &c.,  have 
been  put  up  in  building,  and  the  brick  walls  have  been  completed  to 
the  ceiling,  at  a  cost  of  $24,638.05. 

This  magazine  is  similar  in  size  and  structure  to  magazine  Ko.  2,  and 
the  same  quantities  of  material,  distributed  in  the  same  manner,  have 
been  used  in  its  construction.  The  structural  iron,  consisting  of  channel 
and  I  beams,  tie-rods,  columns,  roof-trus8es,&c.,  was  furnished  underoon- 
tract  by  the  Passaic  Rolling  Mill  Company,  of  Paterson,  N.  J.  This  com- 
pany supplied  the  iron  work  for  the  two  magazines  previously  built  at  this 
post.  The  tire-proof  wrought-iron  doors  and  window-shutters  with 
their  frames  complete  were  also  furnished  by  tliis  company. 

The  contract  for  furnishing  the  corrugated  iron  roof  material  with 
galvanized  iron  gutter,  leader  and  drip  pipes,  has  been  awarded  to  the 
Althause  Iron  Company  of  New  York  City.  This  company  furnished 
the  same  material  for  the  magazines  heretofore  built  at  this  post. 

The  total  exx)enditure  to  June  30,  1885,  on  this  building  has  been 
$31,699.70,  of  which  sum  $24,638.05  has  been  expended  during  the  pres- 
ent fiscal  year. 

A  careful  estimate  of  the  labor  and  material  yet  required  to  complete 
this  building  places  its  total  cost  at  $39,899.70,  as  against  $50,570.99 
for  magazine  No.  1,  and  44,745.64  for  magazine  No.  2,  this  saving  being 
effected  since  the  enforcement  of  the  eight-hour  law  and  with  a  propor- 
tionate increase  in  the  cost  of  daily  labor. 

The  building  will  be  practically  completed  by  December  1  of  the 
present  year. 

MAGAZINE  NO.  4. 

This  building  was  commenced  in  April  of  the  present  year,  and  on 
June  30  the  following  work  had  been  accomplished :  7,000  cubic  feet  of 
earth  and  rock  excavated  and  removed  from  foundation  site ;  1,620  coble 
feet  stone  quarried  and  carted  to  magazine  foundation;  1,680  cubic  feet 
mortar  masonry  laid  in  foundation  walls,  and  306  superficial  feet  bedaod 
joints  cut  for  inside  water-table. 

The  details  and  specifications  relating  to  magazine  construction  at 
this  post  are  given  in  paper  marked  A,  which  accompanied  my  report 
of  operations  for  the  fiscal  year  ended  June  30, 1884,  on  page  92,  Report 
of  Chief  of  Ordnance  for  1884. 

For  modifications  In  details  and  additioual  data,  see  appended  sheet 
marked  B  and  Plate  111. 

The  accompanying  plan  (Plate  1)  approved  by  the  Department  Feb- 
ruary 4,  1885,  indicates  the  proposed  sites  for  the  ten  magazines,  the 
accessory  buildings,  and  general  features  of  the  new  post.  The  map 
(Plate  11)  shows  the  location  of  the  powder  depot  to  be  at  a  point  four 
miles  due  north  of  Dover,  N.  J.,  and  three  miles  by  the  nearest  road 

om  the  freight  depot  at  Port  Oram,  N.  J.,  the  junction  of  the  Dela- 

ire,  Lackawanna  and  Western  Railroad  and  the  Central  Railroad  of 
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New  Jersey.  An  isosceles  triangle  having  an  easterly  base  of  63  miles 
from  Sandy  Hook,  N.  J.,  to  West  Point  N.  Y.,  and  with  remaining 
sides  45  miles  in  length,  will  locate  the  powder  depot  in  the  mountains 
of  New  Jersey  45  miles  northwest  by  rail  from  BTew  York  City. 


BARN  AND  STABLE. 


Work  on  this  building  has  been  carried  to  completion  daring  the 
present  fiscal  year  at  a  total  cost  of  $12,646.08,  the  expenditures  for 
the  present  fiscal  year  being  (9,539.45. 

The  principal  work  done  during  the  year  is  as  follows :  192,900  hard 
bricks  laid  in  walls,  piers,  &c. ;  1,258'  square  feet  cut  stone  for  window 
sills,  pier  caps  and  belt  laid  by  masons.  The  doors,  windows  and 
frames,  truss  and  rafter  frames,  beams,  &c.,  made,  and  ail  necessary 
wood  work,  framing,  sheathing,  &c.,  done  by  carpenters,  6,556  square 
.feet  of  slate  roofing  put  on,  and  the  deck  of  roof  tinned  and  painted 
with  metallic  paint. 

A  well  of  pure  water  16  feet  deep  dug  and  lined  with  stone. 

Plates  IV  to  VII  show  the  front  and  side  elevation  and  the  ground 
plan  of  this  building. 

OFFICE  AND   STORE-HOUSE. 

Work  on  this  building  was  commenced  in  May  of  the  present  year, 
and  on  June  30  the  following  had  been  done: 

Nine  thousand  two  hundred  and  fifty  cubic  feet  of  earth  excavated 
and  removed  from  cellar;  1,430  cubic  feet  of  rock  quarried  and  carted 
to  foundation  site ;  470  cubic  feet  of  mortar  masonry  laid  in  foundation 
walls;  80^  linear  feet  of  water-table  stone,  and  285  square  feet  of  bed 
and  joints  for  water  table  cut  and  bush  hammered. 

The  accompanyiner  Plates  IX,  X,  and  XI  show  the  proposed  plans  of 
this  building  submittt^d  by  me  May  21, 1885,  and  approved  by  the  De- 
partment June  3,  1885. 

It  is  found  to  be  an  advantage  to  commence  this  structure  at  this 
time  and  to  carry  it  along  in  connection  with  the  magazine  construction, 
thereby  employing  the  permanent  force  to  good  advantage. 

AVENUES,  BO  ADS,   GATEWAY,  AND  GROUNDS,  MOUNT  HOPE  AVENUE. 

Two  new  bridge  piers,  containing  320  cubic  feet  dry  masonry,  built, 
and  the  old  bridge  removed  and  placed  on  same;  99,000  cubic  feet 
earth  and  stone  carted  and  spread  on  road  bed  and  graded;  28(i  elm 
and  maple  trees  planted  along  road  side. 

MOUNT  PLEASANT  AVENUE. 

Four  hundred  and  eleven  thousand  seven  hundred  cubic  feet  earth 
and  stone  spread  and  graded  on  road  bed ;  one  wooden  bridge  with 
stone  abutments  (4,350  cubic  feet  masonry)  built  and  1,300  cubic  feet 
earth  excavated  for  bridge  foundation ;  two  culverts,  requiring  800  cubic 
feet  dry  masonry,  built. 

MOUNT  PLEASANT  BOAD. 

Thirty-five  thousand  six  hundred  cubic  feet  earth  and  stone  spread 
upon  road  bed  and  graded. 
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GATEWAY  TO  MAIN  ENTRANCE. 

The  four  Sincb  columbiads  to  be  used  as  gate  i)OSt8  hav^e  been  securely 
set  iu  position  and  tbe  foundation  piers  built.  The  iron  ^ates  are  now 
being  made  by  J.  B.  &  J.  M.  Cornell,  of  New  York  City,  under  contract, 
and.  they  will  be  delivered  and  placed  in  position  by  August  15  of  this 
yfar. 

The  following  work  has  been  done  on  the  gun  piers  and  walls :  Four 
hundred  and  twenty-five  cubic  feet  of  stone  cut  and  dressed  for  piere 
and  caps ;  one  thousand  eight  hundred  cubic  feet  of  mortar  masonry 
laid  in  gateway  walls.    For  plan  of  gateway,  see  Plate  VIII. 

GROUNDS. 

In  breaking  down,  cultivating,  and  improving  the  land  the  following 
crop  has  been  harvested : 

Hay,  cut|  stacked,  and  stored ..tons..        *      23 

Oats  (22  acres) bushels..  5flS 

Coru,  good do I,®) 

Corn,  soft  and  moldy do 3M 

Backwheat  (10  acres) do YJ^ 

Valae  of  crop  about $1, 179  00 

Cost  of  labor,  &c 660  54 

Gain 518  46 

Number  of  public  animals  foraged  for  the  year : 

Horses 5 

Males * 

Oxen i 

Eight  acres  of  new  ground  were  plowed  during  the  year  aud  thirty- 
one  acres  were  cleared  of  brush  aud  weMs. 

RAILROAD. 

As  stated  in  my  last  annual  report,  I  have  no  expectation  of  private 
enterprise  undertaking  railroad  construction  either  to  or  through  the 
United  States  powder  depot. 

I  therefore  respectfully  invite  attention  to  this  important  subject, 
and,  in  this  connection,  submit  the  plan  of  this  post,  Plate  I ;  a  map<tf 
this  section  of  country,  Plate  II ;  together  with  a  profile  and  survey  of 
the  proposed  line  of  railroad,  Plate  XII.  A  careful  estimate  of  the  cosJ 
of  railroad  construction  and  survey  tables  are  shown  in  Appendix  C 

At  a  moderate  cost  the  right  of  way  can  be  secured  for  a  railroad 
over  the  wagon  road  from  the  point  marked  M  on  the  map,  Plate  II, 
to  the  point  marked  A  (a  distance  of  9,600  feet).  This  line  is  also  io- 
dicated  from  W  to  A'  on  Plate  XII.  The  profile  on  Plate  XII  (brokct 
line)  shows  the  general  contour  of 'the  land  and  the  fill  and  cuts  yet  to 
be  made  for  railroad  bed.  From  A  to  B,  Plate  II,  and  A'  B'  Plate 
XII,  a  distance  of  3,000  feet,  the  right  of  way  can  be  secured  withosi 
diflBculty,  and  at  the  point  B,  Plate  II,  and  B',  Plate  XII,  transporta- 
tion over  the  Mount  Hope  Mining  Company's  railroad  to  Port  Orac 
height  depot  on  the  Delaware,  Lackawanna  and  Western  Railroad,  and 
on  the  Central  Railroad  of  New  Jersey  can  be  had  at  an  equitable  rat6 

The  construction  of  this  post  is  well  advanced,  and  four  magazines 
will  soon  be  ready  for  the  reception  of  gunpowder.  Acces8or3'  build- 
ings of  importance  have  been  constructed,  avenues  built,  and  the  gen- 
eral plan  of  the  depot  well  developed.. 
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Id  view  of  these  facta,  it  seems  to  be  a  matter  of  the  first  importance  to 
begin  the  work  of  railroad  construction  before  the  powder  is  stored  and 
held  for  issue  at  this  point. 

In  fact,  with  the  present  poor  facilities  for  unloading  and  temporary 
storage  of  gunpowder  at  Port  Oram,  the  exposure  to  sparks  from  loco- 
motives and  other  risks,  this  point  cannot  be  regarded  as  a  proper 
terminal  for  the  delivery  of  gunpowder  to  our  teams. ' 

I  therefore  respectfully  urge  that  the  sum  indicated  in  the  accom- 
panying special  estimate  may  be  allowed  for  this  very  important  and 
necessary  object  without  in  any  wise  entailing  a  reduction  in  the  sum 
necessary  to  continue  the  general  work  of  magazine  construction. 

Kespectfully  submitted. 

J.  P.  FARLEY, 
Major  of  Ordnance^  Commanding. 


B. 

ADDITIONAL  DETAILS   OF  MAGAZINE  CONSTRUCTION  AT  THE   UNITED   STATES 

POWDER  DEPOT,  NEW  JERSEY, 

[See  paper  A,  Chief  of  Ordnance  Report  1884,  page  92.] 
1.  ModifioatifmB  in  hill  of  iron. 

On  p»K®  101  (C  O.  Report,  1884),  under  head  of  "I  beamB,''  24  roi>f  pnrlins,  proper 
length  19  feet  11^  inches  instead  of  20  feet  9  inches. 

On  page  102  (C.  O.  Report,  1884),  under  head  of  ''  tiat  bars,"  8:^6  purlin  clamps, 
out  to  patterns,  should  be  *'  provided  with  two  holes  2f  inches  from  out  to  out,  each 
hole  elliptical,  with  axes  three-fourths  inch  by  three-eighths  inch,  transverse  axis 
in  direction  of  length." 

On  page  102  (C.  O.  Report,  1884),  under  head  of  **  round  bars,"  column  stays  7  feet 
11.65  inches  in  length  and  seven  eighths  inch  diameter,  should  be  flat  bars,  one-half 
inch  thickness,  3-inch  width,  and  7  feet  11  inches  long. 

Under  same  head,  with  subheading  ^*  (2.  With  nuts  and  heads  as  stays)" — 

Length  of  floor  beam  tie  rods,  8  feet  2  inches  instead  of  K  feet  3  inches. 

Length  of  end  floor  beam  tie  rods,  7  feet  8  inches  instead  of  7  feet  9-^  inches. 

Length  of  ceiling  beam  tie  rods,  8  feet  2  inches  instead  of  8  feet  3  inches. 

Length  of  end  roof  truss  stays  (with  foot),  10  feet  li  inches  inst-ead  of  10  feet  2f 
1  nohes. 

On  page  102  (C.  O.  Report,  1884),  under  hend  of  *'  angles,"  length  of  peak  stay,  19 
feet  lli  inches,  instead  of  20  feet  .55  inch. 

On  page  103  (C.  O.  Report  1884),  under  head  of  '^  wrought-iron  bolts,"  anchor  pins, 
length  6  inches,  number  64,  instead  of  length  10  inches,  number  112. 

Purlin  clamp  bolts  to  rafters  1,400  required  instead  of  1,672,  and  the  head  should  be 
tqnare  and  not  beveled. 

There  should  be  an  addition  of  96  wronght-iron  bolts,  diameter  one-half  inch,  length 
2^  inches,  for  angle-Irons. 

The  44  purlin  bolts,  end  section,  should  l>e  34  inches  in  length  instead  of  35  inches. 

An  addition  of  330  set  bolta,  thread  cut  close  to  head,  are  required  one  half  inch 
diameter  and  three-fourths  inch  in  length. 

On  page  103  (C.  O.  Report,  1884),  under  head  of  <<  wrought-iron  washers,"  100 
seven-eighth  inch  round  required  instead  of  76;  500  three-fourths  inch  round  re- 
quired instead  of  320 ;  200  additional  1  inch  round  required  ;  300  additional  one-half 
inch  round  required ;  300  additional  three-eighths  inch  round  required ;  1,400  aildi- 
tional  washers,  cast  iron,  required,  same  dimensions  as  the  56  wrought  iron ;  hole 
one- half  inch. 

Under  head  of  doors,  windows,  and  frames,  page  104  (C.  O.  Report,  1884),  details 
■huuld  read — 

Two  iron-door  frames. 

Inside  measurement  4  feet  wide,  8  feet  maximum,  7  feet  8  inches  minimum  height. 
Sides  angle  iron  3  inches,  by  4  inches  by  three-eighths  inches  thick  ;  7  feet  8  inches 
height. 
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Top  of  frame  1  inch  by  4  inches  iron  ;  bottom  of  frame  one- half  inch  bj  4  ineha 
iron  ;  slot  in  one  side  for  bolt  of  lock.  Fonr  anchorfl  on  each  side  of  door  frame  thR«> 
eiffhths  inches  by  2  inches  iron,  18  inches  long,  angle  to  center  of  wall ;  each  inehor 
bolted  to  frame  with  two  one-fourth  inch  bolts;  heads  eountersnuk,  one-half  ind 
round  iron  pin  10  inches  long  in  anchor  in  center  of  wall. 

Two  iron  doors. 

Frames  one-half  inch  by  2  inches  iron,  covered  on  the  outside  with  best  sheet-iroo, 
No.  14  wire  gaugje,  and  on  the  inside  with  No.  16  corrugated  sheet-iron,  the  insde 
sheet  cut  even  with  the  frame;  the  outside  sheet  extends  one  inch  around  theenOR 
door  and  laps  on  door  frame,  the  two  sheets  riveted  together  through  the  frame  erar 
tnree  inches.  Three  straps  for  hinges  extend  the  whole  width  of  the  door  and  are 
bolted  to  same  with  nine  bolts,  one-fourth  inch  in  each  strap,  one  eyebolt  on  theoat* 
side,  at  the  bottom  of  each  door,  1  inch  diameter,  one-fourth  inch  iron.  One  heayj 
lock  on  each  door  6  by  ti  inches,  with  wronght  iron  case,  six  tumblers,  brass  boh 
and  guards,  and  two  brass  keys  for  each  lock.  One  oval  drop  handle  on  each  doer, 
three-eighths  inch  brass,  oval  2  by  4  inches. 

Eight  iron  unndow  framef. 

Ibside  measurement,  4  feet  wide,  7  feet  maximum,  6  feet  8  inches  minimum  helgbi 
Angle  iron  of  same  dimensions  as  that  used  in  tlie  door  frames ;  three  anclion  e 
each  side  of  window  frames;  the  anchom  the  same  as  the  door-frame  aucbors;  tro 
holes  five-eighths  inch  square  in  the  window  frames,  cm  each  at  top  and  bottom. 

Sixteen  iron  shutters  ;  ttoo  for  each  window. 

The  frame  for  shutters  one-half  by  2-inch  iron,  covered  on  the  outside  with  Na  K 
sheet-iron  and  on  the  inside  with  iron  of  the  same  gauge,  corrugated.  The  odi^ 
sheet  projects  one  inch,  as  in  the  doors,  except  the  left-hand  shutter  of  each  windov. 
The  ontHide  sheet  is  out  back  on  frame  one  inch  in  the  center  of  the  window  fortiie 
right-hand  shutter  to  close  over ;  (right  and  left  estimated  from  the  inside  of  bias- 
ing.) .  Two  strap  hinges  on  each  shutter,  bolted  through  the  same  as  the  doors;  o« 
eyebolt  on  each  shutter  on  the  bottom  and  outside ;  one  catch  on  each  shutter  kt 
swing  bar.  On  each  right-hand  shutter  two  spring  store-door  bolts  one-half  isck 
square,  18  inches  long,  one  at  the  top  and  one  at  the  bottom ;  one  swing  bar  witk 
small  knob  on  one  end,  iron  three-eighths  inch  by  2  inches,  and  24  inches  long.  Om 
ring  3  inches  in  diameter  of  one-fourth  inch  round  iron. 

Galvanized  iron  roof. 

The  roof  on  each  side  measures  29  feet  6^  inches  by  203  feet  3  inches. 

Eleven  iron  purlins  between  rafters  on  each  side  4  inches  high,  flange  2  inches,  tk 
distance  between  purlins  being  33f  inches  from  center  to  center.  The  iron  for  tte 
roof  is  of  the  best  bloom  sheet-iron  No.  20  wire  gauge,  corrugated  and  ffalvaniflsd: 
the  depth  of  corrugation  is  three-fourths  inch,  sheets  3  feet  by  7  feet  3  inches,  aal 


well  fastened  together  by  tinned-iron  rivets  on  the  upper  corrugations.     The 
lap  1^  inches  on  both  sides  and  ends,  and  strips  of  canvas  dipped  in  oil  and  wktv 
lead  are  laid  between  the  joints,  making  them  impervious  to  air  and  water. 

The  roof  is  fastened  to  the  purlins  by  a  galvanized-iron  U-shaped  strap  oue-eigbii 
inch  by  three-fourths  of  an  inch,  and  14^  inches  long,  bolted  to  the  upper  oorrugatioDMi 
each  side  of  the  purlins  and  carried  under  and  around  the  pnrlins.  The  ridf^e  o(  ^ 
roof  is  finished  by  a  roll  3^  inches  in  diameter,  bolted  to  the  roof.  A  cornice  is  fun 
ened  to  the  roof  on  each  end  of  the  building,  making  four  pieces,  each  29  feet  6  in^ 
long,  5  inches  by  5  inches. 

The  eaves-trough  extends  on  each  side  of  the  building  its  entire  length,  makisj 
two  troughs  each  204  feet  1  inch  long  by  13  inches  wide  and  varying  in  depth  frsa    ' 
4i  ii)ch(>s  to  lOi  inches,  to  fit  hooks,  and  is  well  soldered  to  the  roof  and  finished  a    • 
the  outer  edge  by  a  quart^^r  inch  round  iron  formed  in  the  edge  of  the  eaves-troofi    • 
The  sheets  are  joined  together  to  carry  the  water  to  the  center  and  to  each  end  of  tbe 
building,  each  section  being  51  feet  with  6  inches  fall  in  section. 

The  eaves-truugh  hooks  are  made  of  three-eighths  inch  by  2-inch  iron,  and  aP  i 
bolted  to  the  purlins  aud  held  in  place  by  a  flat  bar  of  iron  one-fourth  of  an  incklf 
1^  inch,  running  the  entire  length  of  the  building.  The  two  lower  purlins  are  ofs- 
nected  by  five-eighths  inch  iron  bolts  34  inches  long,  every  5  feet,  to  carry  the  emnt 
trough.  Under  the  eitves-trongh  and  on  the  outer  edge  of  the  brick  wall  is  a  drip  * 
angle  sheet-iron  1  inch  by  3^  inches,  soldered  to  the  eaves-trough. 

Two  leaders,  6  inches  in  diameter,  14  feet  1  inch  long,  incfndinff  elbow  aroasfi 
water  table.  Four  leaders,  4  inches  diameter,  14  feet  1  inch  long,  including  elbo* 
around  water  table,  and  one  receiver  for  each  leader. 
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The  |roof,  eaves-troagh,  leaders,  roof-roll,  cornice,  and  drip,  are  of  the  best  No.  20 
wire  gauge  galvanized  sheet-iron,  and  painted  on  the  outside  with  one  coat  of  metal- 
lie  paint. 

SpedfioaHons  and  bill  of  iron  for  a  corrugated  galvanized-iron  moffor  a  magazine  building 

at  the  United  States  Powder  Depot^  New  Jersey. 


Qn«Dtity. 


18, 060  ftqoAre  feet. 


816 
204 


feet 
feet 


118  feet 


feet 


408 

408  feet  2  inches 
26  feet 


6 
52 

12. 
2. 


feet 


482  feet  6  inches 

820 

160 

50 

1,006 

880 


28. 

80. 

27.000. 

27,000. 

160. 


Articles. 


Gftlyaoized.  corrugated,  best  bloom.  No.  20  wire  fi;auge  sheet- 
iron;  depth  of  cormgations.  i  'neb  ;  width  of  cormgations, 

3^  inches ;  size  of  sheets,  7  feet  3  inches  b^  8  feet,  for  roofing. 
Galvanized  sheer-iron  stamped  flashing.  No.  20  wire  gauge.  14 

inches  wide,  7  inches  corrugated. 
Ridge  or  roof  roll,  3^  inches  diameter,  galvanized,  sheet-iron 

of  same  qnality  and  gauge  as  above-described  roofing  iron 

(to  be  made  as  per  drawings). 
Cornice  5  inches  oy  5  inches  bent  bloom,  No.  20  wire  gauge 

sheet-iron  (to  be  made  as  per  drawings). 
Drip,  best  bloom,  No.  20  wire  gauge  sheet-iron  (to  be  made  as 

per  drawings). 
2-fnch  eaves-trough  13  inches  by  4i  inches  to  10^  inches,  best 

bloom,  No.  20  wire  gaase  sheet-iron  (per  drawings). 
6- inch  leader  pipe,  best  bloom,  No.  22  wire  gauge  sheet-iron 

(per  drawings). 

6-inch  elbows,  best  bloom.  No.  22  wire  gauge  sheet-iron 

4-inch  leader  pipe,  best  bloom.  No.  22  wire  gauge  sheet-iron 

(per  drawings). 

4- inch  elbows,  best  bloom,  No.  22  wire  gauge  sheet-iron 

Receivers  for  O-ioch  leaders,  No.  22  wire  gauge  sheet-iron  (see 

drawings). 
Receivers  for  4-inch  leaders.  No.  22  wire  gauge  sheet-iron  (see 

drawings). 

|-incb  by  li-inch  bar  iron,  cut  to  required  lengths 

Bolts  i  iDcb  by  U  inches,  square  head  and  nut 

Bolts  I  inch  by  l|  inches,  coantersunk  heads 

Bolts  linoh  by  1  inch,  countersunk  heads 

Bolts  for  strap  and  ridge  roll,  i  inch  by  |  inch  stove  bolts  . . . 
Galvanized  u -shaped  iron  straps  for  purlins  ( inch  by  }  inch 

by  m  inches  (see  drawings). 

Leader  hooks  (made  as  per  arawings) 

|-inoh  round  bar  iron  tie  rods,  3  feet  long 

Iron  rivets,  tinned,  ^inchby  finch 

Burrs,  tinned,  for  above  rivets , 

Forged  iron  hooks  for  eaves-trough,  |  inch  by  2  inches,  as  per 

following  description  (see  drawings). 


Weight. 


Pounds. 
27,110 

•2,150 

394 

258 

205 

1.605 

62 

14 
91 

22 

11 

18 

482 

31 

6 

4? 
860 

91 
266 
162 

65 

1,184 

34,6724 


Hooks. 


No. 
4 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


Depth 
of  eaves- 
trough. 


Inches. 


Total 
length. 


Hooks. 


No. 
8 
8 
8 
8 
8 
8 
8 
8 
8 
4 


Depth 
of  eaves- 
trough. 


Inchss. 


All  of  the  foregoing  iron  is  to  be  equal  to  the  best  quality  made  bv  McCnllongh,  of 
Philadelphia.  It  is  to  be  of  the  shapeH  and  dimensions  shown  in  the  drawings,  and 
will  be  snbjeot  to  inspection  and  test  before  acceptance. 

The  bidder  to  whom  the  contract  is  awarded  will  be  furnished  with  the  necessary 
drawings,  a  strict  compliance  with  which  in  all  their  details  will  be  retiuired. 
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Record  of  tests  of  iron  for  Magazine  No,  3^  furnished  hy  the  Passaic  Boiling  MIU  CoMpM|, 

of  Paterson,  N.  J,,  under  contract  of  September  22, 1884. 


[Tested  for  Pioca tinny  Powder  Depot  by  St.  J.  Clarke.] 


Date. 


Date. 


Haroh  12. 
March  12. 
ICaroh  12. 


March  12 
March  12 
March  12 


d 

a 

I 
QQ 


I 


*" 


a 

a 


CO 


M 


8 

to 

Indies. 
0.63 
0.735 
0.855 


I  • 


P0ttfMl«. 

30,900 
27,000 
26,800 


00 


II 


o 


2.05 
2.15 
1.8 


d 

•o 

p 

P 

o 

p. 

■*^ 

<• 

i 

« 

1 

< 

n 

Sq.inehes. 

.312 

17,150 

.424 

23.650 

.674 

20,900 

PoiCtMlf. 

54.900 
55.700 
52.100 


§1 

§8 


I 


o 
o 


I 


s 


.181 
.219 
.292 


•  . 

a 


11,  m 

15,411 


6 
»* 


ae 


s 


41 

« 


ESTIMATED  COST  OF  BUILDIfTG  A  RAILROAD  FROM  THE  UNITED  STATES  POWDtt 
DEPOT  TO  A  JXrVOTIOK  ON  THE  MOUNT  HOPE  MINERAL  RAILROAD,  ABOVf 
ONE  MILE  FROM  PORT  ORAM, 

Clearing  and  grabbing  12,500  feet,  at  $5  per  100  feet $625  « 

3,100  cuoic  yards  rock  excavation,  at  $1.50  per  yard 4, 660  06 

6,281  cubic  yards  earth  excavation,  at  30  cents  per  yard 1, 684  30 

19,055  cubic  yards  earth  excavation,  at  40  cents  per  yard 7,  G22  OB 

2,520  cubic  yards  earth  excavation  in  ditches,  at  50  cents  per  yard 1,260  09 

450  cubic  yards  dry  masonry  in  culverts,  at  $4  per  yard l,8O0@0 

1,500  cubic  yards  dry  masonry  in  side  walls,  at  $1.50  per  yard 2, 250  00 

410  cubic  yards  mortar  masonry  in  bridges,  at  $6  per  yard 2, 460  09 

1,920  cubic  yards  embankment, at  50  cents  per  yard 96000 

40  feet  bridge  superstructure,  at  $40  per  foot 1,600  06 

Ballast,  broken  stone  1  foot X 10  feet X  12,500=5,000  yards,  at  75  cents  per 

yard 3,750  00 

Track  superstructure,  12,500  feet,  at  $1  per  foot 12, 500  00 

Right. of  way 3,000  00 

Two  sidings,  1,200  feet  each,  at  $1.50  per  foot 3,600  00 

One  water  tank 5OO00 

One  engine-house 1,50000 

Fencing,  2,900  feet,  at  20  cents  per  foot 580  06 

Engineering 1 l'?8?^ 

Contingencies l,w9S 

Total , 54,280  86 


.J 
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Xlne  frufm  Mount  Hope  Avenue  to  a  jwnotion  on  the  Mount  Hope  Mineral  Railroad  at 

Mount  Pleasant, 


Station- 


Distance  trom 
Station  1. 


FtBt. 

1 

0 

a 

l.ftU 

3 

'           2,852 

4 

8.200 

5 

4,088 

6 

4,448 

7 

4,550 

8 

4,782 

9 

7,243 

10 

8,193 

11 

,           8,635 

12 

10, 885 

18 

1          10,965 

U 

11,885 

15 

12,855 

Angle. 


Left 77    40 

..do 7    34 

...do 28 

do 11      8 

Sight 2    80 

...do ;  4    50 

...do I         18    87 

— do ■         11      5 

...  do 12    43 

Left !         18    24 

Carre  to  left,  8<> ;  radloB,718. 

Tangent. 

Curve  to  right,  40 :  radius,  1, 482. 

Tangent  to  Mount  Hope  Railroad. 

Angle,  54<'. 


Distance  he-    1 
tween  stations.  I 


To  station— 


FhL 

1,514 

888 

848 

838 

410 

102 

212 

2,481 

950 

1,442 

1,250 

100 

700 

970 


2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
Mft.  Hope  Railioad. 


List  of  grades  from  Station  1  on  Mount  Hope  Avenue  to  junction  on  the  Mount  Hope  Min- 
eral Railroad  at  Mount  Pleasant. 


Station— 


1 
Ito 
2to 
8to 
4  to 
5to 
Oto 
7to 
8to 
9  to  10 

10  toll 

11  to  12 

12  to  18 


2 
8 

4 
5 
0 
7 
8 
9 


Distance  ftt>m 
Station  1. 


Feet. 
0 

700 
2,400 
3,000 
4,800 
5,600 
6,500 
7,800 
8,000 
9,000 
9,750 
11,450 
12,655 


Grade— 

j   . 

Grade 

Grade 

Ahoye  or 

per  mile. 

per  100  feet. 
FeeL 

helow  base. 

j 

FeeL 

FeeL 

+50.6 

Ascending. 

58 

1.0 

+57.6 

Desoending. 

42 

•  .80 

+44.0 

Ascending. 

16 

.30 

+45.8 

Desoending. 

16 

.30 

+40.4 

Ascending. 

58 

1.0 

+48.4 

Descending. 

37 

.70 

+42.1 

Ascending. 

66 

1.25 

+5^i 

j                Do. 

16 

.80 

+54.2 

Descending. 

53 

1.0 

+44.2 

Do. 

21 

.40 

+4L2 

!               Do. 

158 

3.0 

—  9.8 

Do. 

1 

42 

.80 

—17.8 

I 

if  rut)         ff. 
Zlwl  <l 


(A'SM.t'Lj«-dJ 


Appendir  60—1885 
HExI|H2»3  491 


*y<^j/»  one.   rrtrA.  7};  mi/e 


Appe]!^dix   5  1. 


REPORT  OF  THE   PRINCIPAL   OPERATIONS  AT  THE   ROCK  ISLAND  AR- 
SENALy  ILLINOIS^  DURING  THE  FISCAL  TEAR  ENDED  JUNE  30,  1885. 

By  Libut.  Col.  D.  W.  Flagler,  Ordnance  Department,  Commanding. 

(8  plates.) 

Shop  BL — An  iron-finishing  sJiopfor  the  armory. 

(Plates  I  and  II.) 

This  shop  was  conjmenced  in  August,  1878.  The  wails  of  the  build- 
ing had  been  completed  before  the  beginning  of  the  fiscal  year.  The 
work  done  on  it  during  the  year  is  as  follows : 

BOOF. 

The  roof  has  been  put  on  and  completed.  This  includes  the  iron 
trass  roof  frame  (which  has  been  described  in  previous  reports);  the 
wooden  sheathing  1^  by  8  inches;  planed  and  matched ;  heavy  copper 
gutters,  hips,  valleys,  peaks,  and  pediment  flashings,  and  the  slat- 
ing. The  total  area  of  the  roof  is  a  little  over  50,000  square  feet,  or 
about  1^  acres.  This  roof  has  the  same  skylight  4  feet  wide  along  the 
whole  of  one  side  of  the  peak  that  was  put  on  shops  G  and  I,  for  the 
better  lighting  and  ventilation  of  the  third  story.  The  glass  used  in 
the  skylight  is  heavy  ribbed  cast  plate,  |  inch  thick,  strong  enough  to 
bear  a  man  standing  on  it,  and  to  withstand  the  heaviest  hailstones. 
A  new  and  more  secure  method  of  fastening  flashings  to  the  pediment 
cornice  stones,  shown  on  Plate  II,  was  adopted  for  this  building.  The 
old  method  was  to  fasten  the  top  flashing  (copper)  into  a  small  horizontal 
groove  (in  place  of  the  groove  a)  by  tamping  in  lead.  This  endangered 
splitting  off  the  top  of  the  stones,  above  the  groove,  and  the  groove 
could  not  be  so  securely  packed  as  to  always  prevent  water  from  get- 
ting around  the  flashing,. and  thence  down  the  inside  of  the  wails  of  the 
building.    The  new  method  is  much  more  secure  and  is  cheaper. 

Doto^^  spouts. — From  the  roof  gutters  down  to  near  the  water  table 
these  down  spouts  are  5-inch  diameter  pipes,  made  of  2^-pound  sheet 
copper  brazed  together.  The  remainder  is  a  cast-iron  pipe  extending 
down  into  the  sewers  under  ground.  Ice  in  these  down  spouts,  so  com- 
mon in  cold  climates,  has  caused  much  trouble  in  all  the  buildings  pre- 
viously erected.  Snow  melts  in  the  sun  on  the  roof.  The  snow  water 
runs  down  in  the  spouts  on  the  shaded  sides  of  the  buildings  and  freezes 
there  until  the  spouts  become  filled  with  ice  up  to  the  gutters.  The 
gutters  then  fill  with  ice,  which  backs  the  water  up  under  the  slating, 
and  it  runs  down  and  freezes  inside  of  the  building.  It  is  nearly  im- 
practicable to  remove  the  ice  before  spring. 
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To  overcome  this  difficulty  I  have  adopted,  after  experi  men  ting  and 
successful  trial,  the  new  arrangement  of  the  down  spouts  shown  in  Fig. 
2  on  Plate  II,  and  have  used  this  on  Shop  H.  The  water  is  allowed  to 
fall  from  the  bottom  of  the  spout  a  one  foot  into  the  funnel  below.  It 
lessens  somewhat  the  formation  of  ice  in  the  spout  below,  and  if  the 
spout  is  filled  the  water  then  runs  over  the  funnel  and  down  the  outside 
of  the  building,  saves  the  gutters  and  slating,  and  prevents  wat^er  from 
getting  into  the  building.  The  ice  has  not  yet  in  any  case  closed  np 
the  gap  between  the  funnel  and  the  spout  above.  Should  it  do  so  it  eaji 
be  seen  and  removed. 

The  fire-proof  arches  for  all  the  floors  have  been  put  in  and  the  floors 
laid.  The  first  and  second  floors  are  of  l^inch  oak,  matched  and 
planed,  and  the  third  floor  of  l^inch  Southern  hard  pine,  also  matched 
and  planed.  The  doors  and  windows  have  all  been  put  in.  The  exte- 
rior area  walls,  steps,  and  platforms  have  been  built  and  completed. 

At  the  close  of  the  year  the  plastering,  painting,  the  basement  floor 
and  the  grading,  the  stone  walks,  and  the  construction  of  the  streets 
and  avenues  around  the  building  were  in  progress. 

Shop  K. — A  finishing  and  stocking  shop  for  the  armory. 

(Plate  I.) 

This  shop  was  commenced  in  July,  1881.  It  is  the  last  of  the  sbopg 
embraced  in  the  plans  for  both  the  armory  and  the  arsenal.  The  woit 
done  on  it  during  the  year  is  as  follows: 

STONE   WORK. 

The  balance  of  the  stone  required  for  the  second  story  (about  one- 
fourth)  has  been  purchased  and  cut,  and  the  walls  of  this  story  have 
been  completed.  J^early  one-half  of  this  story  was  built  in  the  preced- 
ing year.  About  one-half  of  the  stone  for  the  third  story  has  been  pur- 
chased, and  its  cutting  was  in  progress  at  the  close  of  the  year. 

IRON   WORK. 

The  iron  floor  beams  for  the  third  floor  have  been  purchased  and 
fitted  for  the  building  in  the  arsenal  shops.  The  columns  to  supx)ort 
this  floor,  with  their  caps  and  bases,  have  also  been  cast  and  flt^id  is 
the  arsenal  shops.  (The  purchase  of  the  floor  beams  consumed  nearly 
one-half  of  the  annual  appropriation.) 

Storehouse  A. 

(Plate  I.) 

This  building  was  commenced  in  April,  1883,  and  is  the  first  of  the 
storehouses  required  for  the  arsenal  and  armory.  At  the  close  of  the 
preceding  year  the  basement  and  first  stories  only  had  been  built 
The  work  done  on  the  building  during  the  year  was  as  follows  : 

STONE  WORK. 

During  the  fiscal  year  the  walls  of  the  second  and  third  stories  have 
been  built  and  the  walls  of  the  building  completed.    A  portion  of  the 
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area  walls  and  the  massive  retaiuing  walls  for  the  wagon  ramps  lead- 
ing to  the  basement  have  also  been  bailt. 

ROOF. 

The  same  roof  as  that  for  shop  H,  which  has  already  been  described 
in  this  report,  has  been  pat  on  this  storehouse,  except  that  the  iron 
trasses,  which  in  the  shop  roofs  are  placed  10  feet  apart,  are  in  the  store- 
house placed  16  feet  apart,  and  they  and  the  iron  purlins  are  made 
more  than  correspondingly  stronger.  This  gives  a  handsomer  roof,  and 
the  arrangement  permits  a  better  disposition  of  rhe  iron,  so  that  al- 
though the  roof  is  made  about  11  per  cent,  stronger,  its  cost,  at  the 
same  prices  of  labor  and  material,  would  be  about  7^  per  cent.  less. 

During  the  year  the  iron  columns  for  the  second  and  third  floors,  and 
the  floor  timbers  for  these  floors,  were  put  in,  and  the  third  floor  was 
completed.    All  of  the  windows  and  a  portion  of  the  doors  were  put  in. 

At  the  close  of  the  year,  the  laying  of  floors,  plastering,  painting,  ex- 
terior granite  platforms,  steps,  the  walks,  grading,  streets,  and  special 
roads  were  in  progress. 

This  building  was  partially  described  m  my  annual  report  for  the 
year  ending  June  30, 1883,  and  a  full  description  is  deferred  until  after 
its  final  completion,  which  will  be  about  November  1. 

REPAIRS  OF   BUILDINGS,  IMPROVEMENT  OF  GROUNDS,  AND  GENERAL 

CARE  AND  PRESERVATION. 

(Plate  111.) 

In  consequence  of  the  totally  insuflicient  appropriation  under  this 
head,  it  was  absolutely  necessary  that  nearly  all  of  it  should  be  ex- 
pended in  the  care  and  preservation  of  buildings,  the  water-power, 
shores  of  the  island,  and  the  bridges.  Much  necessary  work  under 
this  head  had  to  be  left  undone,  especially  the  repainting  of  buildings, 
for  their  preservation,  and  repairs  of  railroads,  and  no  progress  of  im- 
portance could  be  made  in  the  way  of  carrying  on  needful  improve- 
ments of  grounds,  roads,  &;c. 

The  only  considerable  separate  items  of  work  done  under  this  head 
are  the  following: 

The  construction  of  830  feet  of  new  sewer  to  discharge  the  sewage 
from  the  barracks  and  other  buildings  on  East  avenue  into  the  river 
at  a  point  below  the  pump  house.  The  excavation  for  this  sewer  had 
to  be  blasted  through  rock. 

The  construction  of  a  strong  gutter  and  sidewalk  along  the  south 
Bide  of  Main  avenue  from  West  avenue  to  the  west  end  of  the  island — 
nearly  one  mile.  The  work  was  done  mainly  by  enlisted  men,  and  was 
necessary,  in  connection  with  some  ditching  and  draining,  to  complete 
the  avenue  and  save  its  bank  from  washing. 

The  laying  of  a  new  4-inch  oak  floor  on  the  Kock  Island  wagon 
bridge.  The  old  floor  was  entirely  worn  out  and  had  become  unsafe. 
The  main  floor  beams  of  this  bridge  are  wood,  are  decayed,  and  should 
be  replaced^  by  iron  beams.  The  joists  are  also  much  decayed,  and 
should  be  renewed. 

The  construction  of  a  10,000-gallon  iron  tank  under  the  roof  peak  of 
shop  C,  with  the  necessary  pumps,  pipes,  water-gates,  and  hose,  for 
the  better  interior  fire  protection  of  this  building  and  shop  E  (see 
Plate  III  transmitted  herewith).    The  tank  is  filled  from  the  water-main 
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by  a  small  pump,  P,  in  the  machine-shop.  There  are  fi  ve  100- foot  loogfths 
of  linen  hose  on  each  of  the  four  doors,  each  supplied  with  the  proper 
water-gate,  so  that  in  a  few  seconds  a  stream  of  water  can  be  turned  od 
to  any  part  of  each  floor.  This  is  the  plan  for  the  better  interior  fiie 
protection  of  each  shop,  when  in  use,  mentioned  and  partially  described 
in  my  annual  report  of  1881. 

It  was  hoped  that,  in  consequence  of  efforts  and  representations  made 
last  year,  a  more  suitable  appropriation  under  this  head  would  be  made 
by  Congress  at  its  last  session.  I  quote  here  some  remarks  made  in  my 
last  annual  report  on  this  ^subject : 

I  feel  it  my  doty  to  invito  the  attention  of  the  Chief  of  Ordnance  to  th«  fact  that 
the  appropriation  allowed  for  this  class  of  work  for  several  years  past  has  been  macb 
less  than  it  ought  to  be.  The  utmost  that  is  possible  has  b^en  done  to  eeonomlM. 
It  is  nearly  impossible  that  some  improvement  of  grounds  should  not  be  carried  on 
in  connection  with  the  construction  of  buildings,  in  order  to  utilize  the  materiils 
excavated,  finish  grounds  sround  the  buildings,  and  furnish  needed  improvements 
for  use  in  carrying  on  other  work  Besides  this,  the  buildings,  roads,  and  other  im- 
provements are  now  of  such  magnitude  that  they  require  fully  ten  times  as  niach  for 
their  proper  care  and  preservation  as  they  did  thirteen  years  ago,  at  which  time  the 
appropriation  for  this  work  was  double  that  which  has  been  allowed  in  the  past  few 
years. 

I  know  of  no  better  method  of  exhibiting  this  than  by  comparison.  The  extent  of 
the  work  that  ought  to  bo  done  to  kefp  in  good  order  and  repair  streets,  avennea, 
grounds,  large  bridges,  shores  of  the  island,  railroads,  gutters,  walks,  sewera,  water- 
works, and  the  dams  and  gates  and  other  constructions  pertaining  to  the  water- 
power  is  equal  to  the  work  of  a  similar  kind  done  in  a  city  of  10,000  inhabitaut«. 

In  addition  to  this,  the  buildings  and  other  constructions,  taken  care  of  by  private 
owners  in  a  city,  must  be  kept  in  repair.  I  estimate  that  9:9,000  ought  to  be  expended 
in  the  coming  year  in  repainting  buildings  and  bridges  alone,  for  their  proper  preser- 
vation. 

WATER-POWEE  POOL. 

(Plate  IV.) 

I  regret  to  state  that  the  small  amount  of  work  remaining  unfinished 
in  the  water  power  pool,  for  which  appropriation  was  made  bj  Congress 
in  the  sundry  civil  act  approved  March  3, 1881,  could  not  be  completed 
last  fall,  in  consequence  of  a  sudden  rise  in  the  river. 

The  river  had  fallen  to  so  low  a  stage  (2^„-  feet)  on  August  25,  1884, 
as  to  make  the  work  practicable,  and  the  work  of  x)utting  in  coffer-dams 
was  commenced  on  that  date.  The  dams  were  completed,  the  pool 
drained,  the  necessary  boats,  derricks,  pumps,  tramways,  and  other 
appliances  were  put  in  order  and  in  position,  the  necessary  roads  were 
completed,  and  the  work  of  blasting  and  hauling  out  rock  was  com- 
menced on  September  7,  and  was  continued  until  September  19,  when 
the  river  rose  suddenly  about  4  feet,  and  a  rise  of  9  feet  was  reported 
to  be  coming  d(»wn  the  river.  The  property  was  then  w»cured,  the  dams 
cut,  and  the  work  abandoned.  The  highest  stage  (11 A  feet)  was  reached 
on  the  28th  of  September.  The  work  is  impracticable  at  a  higher  stage 
than  5  feet,  and  risk  and  iu(;reiised  cost  commences  at  a  stage  of  4  feet. 

About  4,000  cubic  yards  of  rock  wiTe  taken  out  between  September 
9  and  19,  and  sufficient  experiments  were  ma<le  during  the  low  water 
to  demonstrate  the  practicability  of  washing  out  deposits  in  the  pool 
through  the  water-ways  constructe<l  therefor  in  the  Beuham's  Island 
Dam.  No  measurements  of  the  amount  washed  out  were  made,  bat 
from  observation  of  the  eflects  on  the  bars  1  think  not  less  than  10,000 
cubic  yards  were  washed  out.  I  made  and  operated  a  cheap  rough 
"digger'' for  digging  up  deposits  where  sufficient  current  for  cutting 
away  the  bars  could  not  be  obtained.  I  am  satisfied  some  machine  of 
the  kind  will  be  required,  and  the  experiments  were  carried  far  enough 
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to  demonstrate  its  economy  and  to  farnish  information  for  making  plans, 
for  the  machine.  The  device  was  made  and  tried,  and  is  shown  on 
Plate  IV. 

The  wooden  shaft  A  is  snpplied  with  hook-shaped  steel  teeth  a  a  a, 
arranged  on  spiral  lines.  This  shaft  was  revolved  by  a  portable  hoist- 
ing engine  (on  hand),  placed  on  a  mud  scow  (on  hand).  The  timber 
arms  B,  hinged  at  &,  and  the  tackle  0,  provided  for  raising  and  lower- 
ing the  digger  and  keeping  it  at  the  required  height  against  the  edge 
of  the  bar.  I  had  no  means  of  moving  the  scow  in  the  strong  current 
except  with  poles  and  ropes.  The  experience  gained  showed  that  a 
small  steamboat,  to  cost  about  $1,800,  will  be  required  for  this  purpose.. 

ORDNANCE  AND  ORDNANCE  STORES. 

In  Appendix  0  (Plate  V)  is  given  a  description  and  full  detail  report 
of  the  manufacture  of  silver  marksman's  pins  and  sharpshooter's  badges. 
This  work  was  commenced  at  this  arsenal  during  the.year. 

Five  thousand  of  the  marksman's  pins  and  two  thousand  of  the  sharp- 
shooter's badges  were  manufactured. 

In  Appendix  D  (Plates  VI,  VII,  VIII)  is  given  a  description  and  full 
detail  report  of  the  manufacture  of  steel  skirmish  targets,  skirmish 
target  cloths,  and  skirmish  paper  targets. 

This  work  was  commenced  at  the  arsenal  during  the  year. 

Six  thousand  skirmish  targets,  nine  thousand  skirmish  target  cloths, 
and  sixty-three  thousand  eight  hundred  and  eighty-one  skirmish  paper 
targets  were  manufactured. 

These  reports  are  intended  to  give  full  detail  information  or  instruc- 
tion for  the  fabrication  of  these  articles,  and  include  bills  of  material 
and  cost. 

A  similar  description  of  the  new  rolling  Uirget  and  new  Brinton 
target,  prepared  at  this  arsenal,  was  sent  to  the  Chief  of  Ordnance 
October  9,  1884. 

I  invite  attention  to  Capt.  A.  L.  Varney's  report  (Appendix  A)  on 
the  manufacture  of  the  Elliott  Intrenching  Tool. 

I  would  state,  as  a  matter  of  interest,  that  84,640  pounds  of  paper — 
three  car-loads — have  been  consumed  at  this  arsenal  duruig  the  year 
in  printing  targets  for  the  Army. 

Respectfully  submitted. 

D.  W.  FLAGLER, 
Lieutenant' Colonel  of  Ordnance^  Commanding, 

To  the  Chief  of  Ordnance, 

U.  8.  Armyj  Washington,  X>.  C. 

Book  Island  Arsenal,  III.,  October  3, 1885. 


Appendix  A. 

/ 

REPORT  ON  THE  FABRIOATION  OF  THE  ELLIOTT  INTRENCHING  TOOLS. 

Rock  Island  Arsenal,  III., 

February  14,  1885. 
Liieut.  Col.  D.  W.  Flagler, 

Ordnance  Departmenif  Commanding  Rook  Island  Arsenal : 

Sib  :  I  have  the  honor  to  repoirt  the  completion  to-daj'  of  the  Elliott  Intrenohine 
Pools  made  under  my  supervision  in  obedience  to  yonr  fabrication  orders  Nos.  206  and 
.55,  dated  Jnne  30,  1884,  and  December  2,  1884,  respectively. 

These  tools,  invented  by  First  Lieutenant  6.  F.  Elliott,  United  States  Marine  Corps, 
kud  patented  by  him  September  25,  1883  (No.  2a5594)  are  of  two  kinds.    One,  adapted 
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for  use  either  as  hoe  or  spade,  is  designated  in  the  authority  for  their  manufactonu 
an  '*  Intrenching  implement  for  infantry.''  The  other,  a  combination  hoe,  shovel, 
pick,  and  crowbar,  is  simply  called  an  '^Intrenching  implement." 

The  inventor  designates  the  latter  as  '^Spade  A''  and  the  former  as  "Spade  B." 
The  finished  sample  of  ^*  Spade  A''  and  the  wooden  model  of  **  Spade  B,*^  snbmittedM 

guide  in  manufacture,  have  been  followed,  except  in  the  case  of  certain  authoriied 
eviations. 

By  your  direction,  tough  second-growth  hickory,  steamed  and  bent,  has  beenrab- 
stituted  for  handles  instead  of  the  weak  sawed  ash  of  the  sample.  Certain  other 
changes  were  made  by  authority  of  the  Chief  of  Ordnance,  at  the  request  of  Liea- 
tenant  Blliott.  See  indorsement  by  Chief  of  Ordnance  of  September  12  apon  Lieoten- 
ant  Elliott's  application  to  be  ordered  to  this  arsenal.  See  also  Lieutenant  Elliott^ 
letters  (and  inclosures)  dated  June  29,  1884,  July  3, 1884,  July  29, 1884,  and  (two)  Sep- 
tember 25,  1884,  all  of  which  are  returned  herewith. 

Great  pains  have  been  taken  to  have  the  work  done  well  and  with  the  least  prac- 
ticable deviation  from  the  models  and  the  expressed  wishes  of  the  inventor.  All  the 
handles  and  spades  of  the  B  pattern  have  been  made  interchangeable,  as  also  tbepicki, 
handles,  and  spade  blades  of  the  A  pattern. 

The  spade  blades  and  handle  straps  of  the  B  pattern  have  been  browned  by  imnle^ 
sion  in  razed  niter;  a  process  introduced  at  Watervliet  Arsenal  in  1881,  at  thesQegeft- 
tion  of  Captain  Clifford. 

The  handles  of  both  A  and  B  tools  have  been  finished  with  oil  and  shellac.  AH 
metal  parts  of  both  tools,  except  the  sheet  steel  used  in  the  ''A"  pattern,  have  heo 
forged  from  the  best  quality  of  tool  steel.  Owing  to  the  nature  of  this  material,  wi 
the  necessity  for  accurate  workmanship,  these  implements  will  be  expensive  oodv 
the  most  favorable  circumstances.  This  small  lot  has  been  particularly  so,  owing  to 
the  lack  of  special  tools  and  appliances,  and  the  consequent  necessity  of  employiof 
hand  labor  upon  much  of  the  work  that  might  otherwise  have  been  more  eoonomiealljr 
done  by  niaohlnery.    This  is  tnie  both  of  the  forging  and  the  finishing. 

COST. 

Implements  A. 

Labor $465  tS 

Tools 54 « 

Oeneral  expenses 6998 

MATERIALS. 

369  pounds  tool  steel,  hard,  at  10  cents  per  pound 369 

84  pounds  sheet  steel,  at  9  cents  per  pound '     75J 

5  yards  No.  12  iron  chain,  at  5  cents  per  yard 8 

WOOD  SHOP. 

Labor  on  patterns 7  II 

Labor  on  handles '. 28  3J 

100  feet  hickory  plank  for  handles ' 4  5* 

Total  cost  of  30  Implements  *'A" 674(5 

Cost  per  piece,  |22. 48^%^. 

Implements  B. 

Labor 387  8? 

Tools 2814 

General  expenses 58  Is 

MATERIALS. 

87  pounds  tool  steel,  hard,  at  10  cents  per  pound 8  7? 

541  pounds  tool  steel,  hard,  at  11  cents  per  pound 5951 

25  pounds  niter,  at  10  cents  per  pound [..*  250 

4  emery  wheels 4  2* 

WOOD  SHOP. 

Labor  on  patterns "11 

Labor  on  handles [[]     2850 

100  feet  hickory  plank  for  handles ..[]'.       450 

Total  cost  of  30  implements  "B" 689 fl 

Cost  per  piece,  $19.64^. 


\ 
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Of  the  material  purchased  for  these  tools  and  charged  into  the  cost  there  remain 
on  hand  abont  160  pounds  tool  steel  in  bars  1.675  by  3.75  inches;  50  pounds  tool  steel 
in  bars  1.25  by  2.50  inches;  20  pounds  sheet  steel  No.  16;  100  pounds  scrap  fh>m  all 
kinds  of  steel  used. 

The  *'  transporting  harness/'  or  ''skeleton  leather  bags/'  30  of  each  (Figures , 

Plate  I),  were  made  of  6  to  8  ounce  collar  leather,  and  in  conformity  to  the  draw- 
ing and  specification  submitted  with  letter  of  September  19,  1884,  referred  to  in  the 
foregoing. 

COST. 

Transporting  Bags  for  Implements  A. 

Labor -. $56  32i 

General  expenses 14  10 

MATERIAI^. 

118    square  feet  collar  leather,  7  to  8  ounce,  at  18^  cents  per  square  foot 21  53^ 

6i  ounces  shoe  thread,  dark  blue,  at  98  cents  per  pound 40 

3    balls  black  wax,  at  50  cents  per  100 2 

30    brass  end  hooks,  at  Z-^fu  cents  each • 70^ 

30    iron  roller  buckles,  Japanned,  1^  inch,  at  89  cents  gross 18 

30    iron  roller  buckles,  japanned,  I  inch ,  at  71  cents  gross 15 

30    iron  roller  buckles,  japanued,  f  inch,  at  80  ceuts  gross 17 

li  pounds  brass  rivets  and  burs,  |  inch,  No.  12,  at  2:if  cents  per  pound 28 

5^  ounces  escutcheon  pins  and  burs,  f  inch,  No.  13,  at  30  cents  per  pound..  10 

Total  cost  of  60  transporting  bags  for  Implement  A 93  96^ 

Cost  per  piece,  |3.13. 

Transporting  Bags  for  Implements  B. 

Labor $.56  32^ 

General  expenses - 14  10 

t  materials. 

97    square  feet  collar  leather,  7  to  8  ounce,  at  18i  cents  per  square  foot 17  70^ 

f  pound  shoe  thread,  dark  blue,  No.  3,  at  98  cents  per  pound 37 

3     balls  black  wax,  at  56  cents  per  100 2 

30    brass  end  hooks,  at  2-^  cents  each 70^ 

30    iron  roller  buckles,  japanned,  1^  inch,  at  88  cents  per  gross 18 

30    iron  roller  buckles,  japanned,  1  iocb,  at  71  cents  per  gross 15 

30    iron  '* sensible"  buckles,  japanned,  f  inch,  at  80  cents  per  gross 17 

1-^  pounds  brass  rivets  and  burs,  |  inch,  No.  12,  at  23f  cents  per  pound 28 

5i  ounces  escutcheon  pins  and  burs,  at  30  cents  per  pound 10 

Total  cost  of  30  transporting  bags  for  Implement  B 90  10^ 

Cost  per  piece,  $3.03. 

With  a  considerable  outlay  in  tools  and  machines  the  cost  of  the  ''A"  pattern 
could  probably  be  reduced  in  future  manufactures  to  abont  S5  each,  if  ordered  in 
large  lots.    The  "  B"  pattern  would  cost  abont  $4. 

If  modified  in  design,  so  as  to  permit  less  accurate  workmanship  and  the  use  of  less 
expensive  material,  the  cost  might  be  still  further  reduced. 

Very  respectfully,  your  obedient  servant, 

A.  L.  VARNEY, 

Captain  of  Ordnance, 

Respectfully  submitted  to  the  Chief  of  Ordnance,  U.  S.  A.,  Washington,  D.  C. 

D.  W.  FLAGLER, 

Lt.  CoL  of  Ordnance. 

4625  ORD 40 
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Appendix  B/ 

ABSTRACT  OF  BEOORD  KEPT  AT  THE  ROCK  ISLAND  BRIDGE  DUBiyQ  TEE  TSii 

PASSING  NORTH. 

EDgines  with  trains 7,463 

Eugines  without  trains 5dt 

Total  engines 8,057 

Passenger  cars 12,oSl 

Freight  cars  108,M9 

Foot  passengers 290,134 

Teams W,3S 

Steamboats,  up 1,SS 

Barges,  up 1<B 

PASSING  SOUTH. 

Engines  with  trains 7,88 

Engines  without  trains 1 614 

Total  engines 8,MI 

Passenger  oars 1S,S0I 

Freight  cars 111,0*0 

Foot  passengers 896,03' 

Teams 186.8S9 

Steamboats,  down 1,217 

Barges,  down M8 

Rafts,  down 911 

D.  W.  FLAGLER, 
Lt  CoL  of  Ordnance,  C^MnmoiuKvf 


Appendix  0. 

REPORT    ON   THE  FABRICATION  OF   UARK8MANS  PINS   AND    BHABPSHOOOXi 

BADGES  (SILVER)  AT  ROCK  ISLAND  ARSENAL, 

(Plate  V.) 

Rock  Island  Absbnax,  Ilukois, 

September  I,  18SSb 

To  the  Chief  of  Ordnancb, 

U.  8.  Army  J  Washingiony  D.  C: 

General  :  In  March.  1884, 1  received  instructions  from  the  Chief  of  Ordnance  te 
get  up  and  submit  to  nim  designs  for  a  marksman's-  pin  and  a  sharpshooter's  cnm- 
Fenoil  sketches  were  inclosed  to  indicate  what  was  required.  Many  deeigna  w«c 
made  and  submitted,  and  finally,  in  May,  1884,  models  were  approved  and  adopted. 
The  cross  was  somewhat  similar  to  the  pendant  of  the  present  model  of  the  sttai^ 
shooter's  badge,  and  the  pin  was  somewhat  similar  to  the  present  model  of  the  marki- 
man's  pin.  Both  were  provided  with  brooch  pins  for  attachment  to  the  -weaieri 
<Dal. 

Two  thousand  five  hundred  of  the  marksman's  pins  and  1,000  of  the  crosses  woe 
manufactured  and  issued  to  the  Army.  These  were  cast  from  statuary  bronze,  sad 
finished  on  the  polishing  wheel,  with  a  file  and  emery  paper,  and  burnished. 

In  the  fall  of  1884  I  was  informed  by  the  Chief  of  Ordnance  that  these  baden 
were  not  satisfactory,  and  requested  to  submit  handsomer  designs.  It  was  thoagot 
that  if  the  expense  would  not  be  too  great  they  might  be  made  of  silver.  Many  de- 
signs were  made  and  submitted,  until  finally  the  present  models  were  approved  »i 
adopted.  These  are  now  so  well  known  that  they  need  little  description.  Ttiey  az* 
made  of  sterling  silver.  The  pin  is  similar  to  the  old  one,  except  that  the  form  wsi 
altered,  the  scroll  work  removed,  and  the  representations  of  targets  were  added. 
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For  the  badge  a  brooch,  bearing  the  word  '*  Sharpshooter/'  was  adopted  for  attach- 
ment to  the  wearer,  and  to  this  a  cross  somewhat  similar  to  the  old  one  is  hung  as  a 
pendant. 

FABRICATION. 

As  this  work  is  new,  and  no  workmen  acquainted  with  it  were  available,  many  ex- 

?eriment8  and  mnch  tedious  labor  and  study  were  required  to  brin^  it  to  perfection, 
am  much  indebted  for  assiptauce  to  Mr.  J.  Drayton,  master  machinist,  Mr.  H.  Shnnk, 
foreman  of  machine  shop,  and  Mr.  R.  C.  Munson,  foremau  of  metallic  equipment  work. 

I  had  supposed  that  the  engraved  pieces  could  be  stamped  out  witn  dies  in  same 
manner  that  coin  is  stamped.  But  it  was  found  that  a  suitable  press,  dies,  and  tools 
for  this  method  could  not  be  produced  for  less  than  about  ^,000,  and  this  method  had 
to  be  abandoned. 

The  method  linally  adopted  is  that  of  placing  the  silver  on  a  die  and  passing  both 
die  apd  silver  between  rolls.  This  method  is  employed  in  the  manufacture  of  jew- 
elry, where  only  irregular  ornamentation  is  required,  and  for  such  work  it  presents 
little  difficulty.  But  our  work  consisted  of  regular  forms,  letters,  and  lines.  The 
slightest  variation  from  the  required  form  could  be  readily  detected  by  the  eye.  In 
rolling,  the  metal  is  pressed  up  against  the  die  forms  on  one  side  and  drawn  away 
from  toem  on  the  other.  Allowance  had  to  be  made  for  this  in  cutting  the  dies,  and 
as  everything  in  regard  to  the  work  was  new,  it  involved  many  delays  and  tedions 
experiments. 

Manufacture  of  dies. — J  believe  a  female  die  of  the  required  form  cannot  be  cut.  The 
method  employed  was  as  follows :  A  male  die  of  the  required  form  was  first  cut.  This 
was  then  eunk  in  another  piece  of  steel,  to  make  the  female  die.  The  latter  was  first 
carefully  annealed,  and  a  pit  one-sixteenth  inch  deep  was  cut  in  the  surface  of  the 
steel  whore  the  female  die  was  to  be  sunk.  This  pit  had  the  same  outline  as  the  male 
die,  and  was  to  keep  the  male  die  from  slipping  when  struck.  The  male  die  was  then 
set  in  the  pit,  and  struck  five  or  six  careful  blows  by  hand  with  a  heavy^  sledge  ham- 
mer. The  steel  had  then  to  be  reannealed,  and  the  processs  repeated  from  four  to  seven 
times,  until  a  perfect  die  was  obtained.  The  surface  of  the  steel  in  which  the  female 
die  had  been  sunk  was  then  planed  down  till  the  depth  of  the  j>i^  was  planed  off,  and 
till  exactly  the  required  deptn  of  die  was  left. 

In  striking  the  male  die  it  is  sunk  unevenly ;  one  edge  or  end  is  driven  down  more 
jthan  another.  This  must  be  corrected  in  planing  off,  so  as  to  leave  an  even  depth  of 
female  die  throughout.  The  best  method  of  doing  this  is  to  make  a  gan^e.  First 
sink  a  piece  of  soft  metal  (lead  and  antimony  answer  well)  in  the  female  die.  Then 
take  it  oat  and  dress  down  its  back  till  the  exact  level  required*  for  the  face  of  the 
female  die  is  obtained.  Then  put  it  back  and  dress  down  the  face  of  the  female  die 
to  this  level. 

The  female  die  was  then  tempered,  its  face  ground  and  polished,  and  was  ready  for 
use.  The  above  method  is  probably  the  only  practicable  one  for  making  these  dies. 
It  also  enabled  me  to  make  several  dies  fh>m  one  costly  cut  die. 

BolHitg. — A  piece  of  silver  of  the  required  dimensions  was  then  placed  on  the  die,  and 
both  die  and  silver  passed  between  the  rolls  (Plate  V ).  The  die  rolls  were  devised  and 
made  at  the  arsenal.  They  are  shown  on  Plate  V.  The  rolls  R  R  are  made  of  tool 
steel,  highly  tempered,  and  then  carefully  and  accurately  ground  ami  polished.  They 
have  such  large  journals  and  such  hardness  and  stiffness  as  to  prevent  any  percepti- 
ble compression  or  spring  during  the  rolling.  The  compresses  C  C  permit  the  setting 
of  the  rolls  to  the  required  fine  ^auge. 

The  following  is  a  bilef  description  of  all  the  operations  of  manufacture,  with  bills 
of  materials,  cost,  and  cost  of  labor : 

The  sheet  silver  is  received  at  the  arsensal  subject  to  the  following  rules  of  inspec- 
tion, viz :  Sheets  to  be  rolled  to  an  even  thickness  to  fifty-eight  thousandths  of  an  inch ; 
edges  of  sheet  to  be  cut  straight  and  parallel.  Size  of  sheet  best  suited  for  use  24  iuches 
long  by  5  inches  wide.  Silver  must  assay  92^  per  eent.  fine.  (Assays  of  silver  have 
been  kindly  made  for  me  by  the  superintendent  of  the  United  States  mint  at  Philadel- 
phia, Pa.) 

Sterling-silver  wire  for  making  the  three  rings  by  which  the  pendant  cross  is  hunff 
to  the  shari)shooter  pin  (or  broach),  and  the  sterling-silver  pin -tongue  hinges  and 
catches  for  both  pins,  are  purchased,  assayed,  and  inspected  in  the  same  manner.  The 
pin  tongues  and  wire  for  making  the  pin-tongue  rivets,  are  of  German  silver,  that  they 
may  have  the  necessary  strength  and  hardness. 

After  inspection  the  silver  is  stored  in  the  office  safe  and  issued  in  lots  daily  as  re- 
quired. 

First  operation, — The  sheets  are  cut  into  strips  2i^  inches  wide  for  marksman's  pins, 
1-^  inches  wide  for  sharpshooter's  badge  pins,  and  in  pieces  1^  inch  by  1^  inch  for  the 
badge  crosses. 

Second operatU^n, — Stamping  the  engraved  surfaces  of  pins  and  cross:  This  is  donie 
In  dies  between  the  die  rolls  (Plate  v ).    The  operator  places  the  strip  or  piece  of  sil- 
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Y6r  on  the  die  and  passes  both  silver  and  die  between  the  rolls.  In  rolling  the  pins 
the  strip  of  silver  is  rolled  or  drawn  out  about  one-eighth  of  its  original  length.  The 
stamped  piece  is  partly  cut  off  by  the  die  in  rolling,  and  is  then  broken  off  witli 
a  pair  of  pincers.  The  end  is  then  trimmed  to  shape  for  the  next  piece  with  a  spring 
cutter.    One  operator  stamps  725  pieces  in  eight  hours. 

Third  operation. — The  stamped  pieces  come  from  the  rolls  slightly  curved.  They 
are  straigntened  by  placing  the  face  of  the  stamped  silver  on  a  smooth  plate  of  steel 
and  passing  both  between  the  saine  rolls. 

F&urth  and  fifth  operations, — Milling  and  trimming  the  ends  and  sides:  One  pin  is 
clamped  in  an  iron  die  which  was  stamped  from  the  same  male  die  that  made  the  fe- 
male die  in  which  the  silver  piece  was  stamped.  This  iron  die  is  then  placed  in  » 
milling  machine,  and  the  ends  of  the  silver  piece  are  milled  to  shape  with  one  cat 
The  iron  die  is  for  adjusting  the  silver  piece  m  the  mill  with  reference  to  its  engraved 
face.  Twelve  pieces  are  then  placed  in  a  holder  which  fits  the  milled  ends,  and  the 
sides  of  the  whole  twelve  pieces  are  milled  off  at  once.  The  crosses  are  not  milled. 
They  are  trimmed  off  with  blank  puach  and  die  in  a  press,  the  face  of  the  punch  beiug 
sunk  to  receive  the  engraved  face  of  the  cross  and  center  it. 

Sixth  operation, — Polishing :  The  pins  and  crosses  are  placed  in  wooden  holders^  and 
faces  and  edges  ground  on  an  emery  wheel  provided  with  a  tin  hood  to  catch  the 
silver  dust. 

Seventh  operation. — Making  the  silver  rings  for  hanging  the  cross  of  the  bad^e. 
Enough  silver  wire  is  wound  on  a  mandrel  to  make  about  100  rings,  and  then  cut  witik 
a  fine  saw  on  a  milling  machine. 

Eighth  operation. — Brazing  on  joints  and  catches :  The  silver  solder  is  cut  into  pieces 
about  one  sixty-fourth  inch  square.  The  ioint  or  catch  is  placed  on  the  back  of  the 
pin  and  held  in  place  by  spring  plyers  which  locate  the  joint  or  catch.  A  piece  <d 
solder  is  put  on,  moistened  with  borax  water  for  a  flux,  ana  the  brazing  completed  ii 
a  blowpipe  flame.  The  melting  point  of  suitable  silver  solder  is  not  much  below  that 
of  the  silver,  and  great  care  is  required  to  avoid  melting  the  silver.  The  pieces  are 
held  to  the  flame  with  long  spring-steel  plyers  or  on  a  sheet  of  asbest'OS.  The  silrec 
rings  for  hanging  the  cross  to  the  badge  pin  are  brazed  in  the  same  manner  as  above. 

Ninth  operation. — Filing  and  polishing :  The  pins  and  cross  are  filed  on  the  face  anl 
edge  and  then  polished  with  a  pine  stick  covered  with  French  emery  paper. 

Tenth  operation. — Dipping :  Tne  silver  pieces  are  buried  in  white  sand  in  a  sheet-iron 
pan ;  heated  to  a  dull  red  color  over  a  gas  flame ;  then  quickly  removed  and  dipped 
in  a  sulphuric  acid  and  water  bath,  temperature  200^  F.  (acid  1,  water  9);  and  toed 
thoroughly  washed  with  a  brush  in  castile-soap  water,  and  dried  in  hot,  dry,  hard- 
wood sawdust.  If  this  operation  is  successful,  the  silver,  when  brushed  off,  will  be 
snow  white. 

Eleventh  operation. — Riveting  in  pin  tongues:  Ihe  pin  tongue  is  placed  in  the  Joint, 
a  piece  of  rivet  wire  is  forced  into  place  with  a  special  pincers  devised  for  the  par- 
pose,  and  then  both  ends  are  riveted  down  with  special  pincers  devised  for  the  pur- 
pose.   The  catch  is  then  opened  and  the  pin  tongue  sot  to  give  the  required  sprinr. 

Twelfth  operation. — Burnishing:  The  pins  and  cross  are  placed  in  a  wooden  holder, 
face  upwards,  covered  with  castile  soap  suds,  and  all  the  parts  in  relief  are  bui^ 
nished  with  a  flat  steel  buruisher,  the  latter  being  kept  bright  by  frequent  polishini 
on  leather  rubbed  over  with  oxide  of  tin. 

In  all  the  operations,  pieces  of  silver  are  counted  and  weighed  out  to  the  operatives, 
and  the  pieces  returned  are  counted,  and  pieces  and  scrap  and  millings  and  filings 
returned  are  all  weighed,  to  ascertain  if  there  has  been  any  loss.  The  total  loss  ii 
about  one  eleven-hundredth  part  of  the  weight.  The  scrap,  millings,  and  filings  aie 
returned  to  the  contractor,  to  be  reconverted  into  sheet  silver. 

Packing. — The  pins  and  crosses  are  packed,  each  one  separately,  in  pink  wool,  in  a 
suitable  pasteboard  box  properly  labeled,  and  these  boxes  are  then  packed  in  large 

gasteboard  boxes  for  shipment,  fifty  marksman  pins  in  one  box  and  twenty-five  badgtt 
L  one  box. 

Bill  of  materials  for  and  cost  of  100  sharpshooter's  badges. 

29.46  ounces  sheet  silver,  at  $1.07 |31  s 

0.067  ounce  loss,  at  $1.07 Of 

1.43  ounces  silver  wire,  at  $1.20 171 

0.12  ounce  silver  solder,  at  $0.95 11 

0.20  ounce  German  silver  wire,  at  $0.04 ill 

104  pin  tongues,  silvered,  IJ" 3r» 

104  silver  joints,  i%" 1  U 

104  No.  1  silver  ring  catches li; 

Reworking  and  converting  into  sheet  40.36  ounces  of  scrap,  millings,  and 

tilings,  at  $0.07 3  83 

0.16  pound  pink  cotton,  at  $0.75 Ii 

100  labels,  small (6 
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41abelB,  large |0  02 

100  packing-boxes,  small .*. 1  21 

4  packing-boxes,  large 24 

Aioobol,  acid,  soap,  &o 26 

Tools 80 

Labor  manufactaring 15  99 

General  expenses 3  20 

Total 61  08 

Cost  per  badge,  61-iV  cents. 

Piece  price  recommended,  75  cents. 

Bill  of  maUriaU  for  and  cost  of  100  marksman? b  pins, 

21.4  ounces  sheet  silver,  at  $1.07 j |22  90 

0.3  ounce  silver  lost,  at  tl»07 03 

105  Qerman  silver  pin  tongnes  (silvered),  2'' 37 

105  No.  2  silver  rinfc  catches 1  86 

105  i-inch  silver  Joints 1  50 

0.1  oance  silver  solder,  at  $0.95 09^ 

0.24  onnce  German  silver  rivet  wire 02 

Reworking  and  converting  into  sheet  silver  9  oances  scrap,  millings,  and 

filings,  at  $0.07 63 

Alcohol,  acid,  soap,  d&c 08 

0.1  pink  cotton 08 

100  packinff-boxes,  small 1  11 

2  packing-boxes,  large , 12 

100  labels,  small 07 

2  labels,  large 01 

Labor  manafactnring  and  packing 8  01 

General  expenses 1  60 

Tools 40 

Total 38  88i 

Cost  per  pin,  39  cents. 
Piece  price  recommended,  50  cents. 

The  tools  and  appointments  on  hand  are  sufficient  for  the  mannfaotore  of  300  sharp- 
shooter badges  per  day,  500  marksman  pins  per  day. 

Respectfully  submitted. 

D.  W.  FLAGLER, 
lAeutenanUColonel  of  Ordnance^  Commanding, 
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BSPORT  ON    THE  FABRICATION  OF  SKIRMISH    TARQBTS,   TARGET  CLOTHS,  AND 

SKIRMISH  PAPER  TARGETS,  A  ^.  -^LYD  F, 

Rock  Island  Arsbnal,  Illinois, 

September  21,  1885. 
To  the  Chief  of  Ordnance, 

U.  8,  Army,  Waehington,  D.  C.  ; 

General:  On  March  29  and  Jane  26,  1885,  I  received  instructions  from  the  Chief 
of  Ordnance  to  manufacture  6,000  metal  skirmish  targets  of  the  forms  shown  on  Plate 
XYII,  of  Captain  Blunt'^  ^'  Rifle  and  Carbine  Firing."  It  was  thought  that  the  firames 
should  be  made  of  iron  bar,  and  that  possibly  barof  wedge-shaped  oro««- section  could 
be  used  advantageously. 

Cotton  cloths  of  the  same  shapes  as  the  metal  firames  were  required  for  covering 
the  frames,  and  it  was  required  that  some  suitable  method  should  be  devised  for 
attaching  these  cloths  to  the  frames ;  also,  black  pap^r  targets  or  silhouettes  were  re- 
quired of  the  same  shape  as  the  frames,  to  be  pasted  to  the  target  cloths. 

Many  experiments  were  made  to  determine  the  best  metal  and  form  of  same  for 
the  target  frames.  These  finally  determined  the  adoption  of  steel  bar  of  the  cross- 
section  shown  in  Fig.  2,  Plate  VI.  The  following  extract  is  taken  from  my  partial 
report  of  May  4, 1885.  The  experimental  firings  were  made  by  Captains  Butler  and 
Yamey,  Ordnance  Department. 
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''I  inolose  herewith  a  drawing  showing  the  effect  of  experimental  firing  to  deter- 
mine the  dimensions,  ^hape,  and  metal  required  for  the  frames. 

^*  The  results  of  the  firing  seemed  to  show,  first,  that  iron  of  no  form  or  reasooabto 
weight  will  answer.  Ballets  striking  a  sharp  edge  of  iron  dented  and  iignred  the  bar 
as  much  or  more  than  those  striking  a  square  edge  (see  drawing). 

*^  Second.  The  elastic  limit  against  bending  oi  Iron  being  low,  the  iron  bars  were 
bent  badly  in  the  direction  of  the  bullet's  fliKht. 

Third.  The  steel  bar  suffered  none  of  the  above  bad  effects.  A  bullet  striking  fairly 
on  a  sharp  edge  was  split,  without  marring  the  steel.  The  elasticity  of  the  steel  pro- 
vents  its  bending.  I  think  the  sharp  or  wedge-shape  edffe  for  the  steel  desirable  in 
all  respects.  It  so  disposes  the  metal  as  to  increase  the  beam  strength.  It  redaoes 
the  liability  of  hits,  and  if  hit  fairly  on  the  edge  splits  the  bullet.  If  nit  on  the  slant 
of  the  edge,  the  spring  or  elasticity  of  the  steel  prevents  the  bar  from  being  perma- 
nently bent  laterally. 

*'  The  cross-section  Anally  adopted  is  shown  on  the  drawing  (Fig.  2,  Plate  YI).'' 

(Plate  VII,  Figs.  1  and  2.) 

The  brace, — ^The  brace  adopted  is  made  of  the  same  steel  and  of  the  same  cross  aee- 
tion  of  bar,  because  it  is  as  liable  to  receive  kite  as  the  frame.  The  lower  end  ie 
hooked,  to  prevent  the  target  from  beiuff  blown  down  by  a  rear  wind.  The  nppo 
end  hooks  into  a  hole  punched  in  the  &ame.  The  brace  can  revolve  around  tait 
point  in  a  plane  perpendicular  to  the  target.  When  the  target  has  been  stood  up  at 
the  desired  angle  with  the  horizon,  the  lower  end  of  the  brace  can  then  be  poshed 
(with  the  foot)  or  driven  into  the  ground,  without  altering  the  position  of  the  target 

FABRICATION  OF  THB  TARGET  FRAMES. 

The  steel  bar  weighs  1.1  pounds  per  foot.  Special  rolls  were  required  for  its  mann- 
faoture,  and  It  cost,  delivered  at  the  arsenal,  2^  cents  per  pound.  It  was  parchasBd 
in  suitable  lengths,  avoiding  waste,  and  was  then  cut  up  into  pieces  of  required 
lengths  (see  Plate  YU). 

BILLS  OF  STEEL  (PLATE  TU). 

Skirmkh  target  D. 

1  bar  steel  18'.0  long: 

PieoeA 7'  10" 

PieceC 5'    4" 

Brace 4'  10" 

1  bar  steel  18' 6''  long: 

Piece  6 6'    31" 

Pieced V    H" 

Pi^ceE V    6" 

Total 27'    3"=30     ponndi. 

Skirmith  target  E, 

1  bar  steel  14'  9"  long : 

PieceA 5     2" 

Piece  6 5'    3" 

Piece  0 2'    4" 

Pieced V    0" 

i  bar  steel  14' 0"  long: 

Brace 4'    8" 

Total 19'    5"  =  21, 4  pounda. 

SUrmieh  target  F,  * 

i  bar  steel  15' 6"  long: 

PieceA 5'    5" 

Piece  6 5'    4" 

Total r    9"=  8.5poa]id» 

Putto^in^.— The  method  adopted  for  fasteniue  on  the  target  cloths  (to  be  described 
further  on)  is  to  tie  them  on  with  strings.  This  required  that  a  hole  shoold  be 
punched  in  the  steel  bar  for  each  string.    These  holes  are  marked  K  on  Plate  VII. 
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It  was  desirable  that  they  shoald  not  be  larger  than  one-quarter  inch  diameter,  lest 
they  might  weaken  the  frame.  Steel  of  the  required  hardness  and  elastioity  made 
the  punching  of  so  small  a  hole  very  diffloult.  Drilling  so  hard  a  steel  wonld  have 
been  difficult  also  and  too  expensive.  After  many  trials  of  English  and  American 
tool  steels,  an  open-hearth  steel  was  obtained  from  Canton,  Ohio,  that  would  do  the 
work  without  breaking.  The  rivet  holes  were  also  punched.  These  are  seven-six- 
teenth inch  diameter,  and  their  punching  presents  no  difficulty. 

Shaping  ike  bars. — This  was  done  on  a  special  shaping  or  bending  machine  manufact- 
ured for  the  purpose  at  the  arsenal. 

This  machine  is  shown  on  Plate  VIII. 

Dies  (Figs.  2  and  3)  for  two  shapes  are  shown  on  the  drawing,  and  the  method  of 
bending  is  sufficiently  illustrated.  Care  is  required  in  designing  the  dies  to  prevent 
the  bar  from  being  drawn  endwise  from  its  proper  position  when  the  dies  come  to- 
gether. A  steel  lever  thrust  into  a  hole  below  at  the  point  (5),  and  pulled  up  against 
tne  steel  bar  by  hand  above,  was  used  to  hold  the  steel  and  prevent  its  slipping.  In 
some  oases  two  of  these,  at  different  points,  were  used. 

The  steel  was  shaped  hot.  A  long  special  furnace  for  the  heating  was  conveniently 
placed  between  the  punching  and  bending  machines,  and,  after  punching,  the  bars 
were  put  into  one  end  of  the  furnace  and  pulled  out  at  the  other  for  bending. 

Forging. — The  wedge-shaped  edges  of  the  steel,  where  riveted  together,  if  not 
altered,  would  give  the  joint  drawn  in  Fig.  5,  Plate  VII.  A  bullet  striking  on  this 
point  would  strain  the  frame  unduly  and  tend  to  draw  or  break  the  rivet.  To  pre- 
vent this,  and  give  a  sharp  'edge  at  the  joint  also,  the  form  of  the  bar  was  altered 
while  hot,  under  a  drop  so  as  to  make  tne  joint  as  shown  in  Fig.  6.  This  was  done 
before  riveting.  The  sharp  points  of  the  frame  which  enter  the  ground — the  round 
at  one  end  of  the  brace  ana  the  sharp  point  at  the  other — were  forged  under  a  helve 
power  hammer.  The  crook  in  he  brace,  where  it  enters  the  ground,  was  then 
formed  on  the  bending  machine.  •-"*• 

CoaUiarring  and  crating. — The  frames  when  finished  wn  first  heated  in  the  foundry 
core-oven,  then  dipped  in  a  vat  of  hot  coal  tar,  and  whoa  dry  were  sent  to  the  pack- 
ing-house and  crated  for  shipment. 

Convenient  numbers  to  crate  in  one  package  are  8  targets  D,  8  targets  E,  and  16 
targets  F. 

TARGET  CU  TH8. 

The  method  finally  devised  and  adopted  for  attaching  the  target  cloths  to  the  metal 
frames  was  to  tie  them  on  with  strings.  I  think  it  is  sufficiently  expeditious ;  it  can- 
neyer  give  trouble ;  the  attachment  cannot  be  seriously  damaged  by  firing,  can  be 
readily  repaired  by  a  soldier  if  damaged,  and  it  gives  an  easy  means  of  stretching  the 
cloth  to  any  desired  tautness. 

Had  the  frames  been  in  the  form  of  a  parallelogram,  or  of  any  form  having  straight 
borders,  the  cloth  could  have  been  attached  by  tying  the  strings  around  the  frame. 
As  the  edges  of  the  frames  are  curves,  it  is  necessary  to  so  attach  the  strings  at  the 
outer  part  of  curves  that  they  cannot  slip.  This  is  effected  by  punching  holes  in  the 
frame,  as  has  been  mentioned.  Corresponding  holes  are  made  near  the  edge  of  the 
cloth.  The  holes  in  the  cloth  are  reinforced  with  leather  washers  five-eighth  inch  diam- 
eter, and  a  brass  eyelet  is  put  through  both  leather  and  cloth  and  riveted  down. 
The  number  of  boles  in  the  cloth  and  in  the  target  frame  of  each  target  is  as  follows: 
Target  D,  36;  target  E,  24;  target  F,  15.  The  top  of  the  cloth  is  marked '' top.'' 
If  the  soldier  commences  tying  at  the  top  and  passes  from  there  around  the  edges,  ne 
will  find  the  holes  to  coincide,  and  can  have  no  trouble  in  getting  the  cloth  on  the 
frame  correctly.  The  strings  are  to  be  put  through  the  holes  in  the  frame  first,  and 
then  knotted  at  the  near  edge  of  the  frame.  The  holes  in  the  cloth  are  so  spaced  that 
they  will  come  just  opposite  the  front  edge  of  the  frame  without  stretching.  One 
end  of  the  string  is  then  passed  through  the  eyelet  hole  in  the  cloth  and  the  cloth 
drawn  around  the  outside  of  the  frame  and  tied.  The  cloth  can  be  stretched  the 
whole  width  of  the  steel  bar  of  the  frame,  li  inches,  or  any  less  amount  that  is  de- 
dred. 

Fabrication, — ^The  cotton,  72  inches  wide,  is  mounted  in  twelve  rolls  at  one  end  of  a 
table.  Twelve  pieces  are  drawn  out  on  the  table  at  one  time ;  the  top  piece  is  marked 
with  a  templet  for  the  cutting  and  punching,  and  then  the  whole  twelve  pieces  are 
cut  at  once  with  a  long  knife,  and  all  are  punched  at  once  wich  an  ordinary  punch. 
One  man  cuts  and  punches  300  D  cloths,  400  E  cloths,  and  500  F  cloths  in  eight  nours. 
The  leather  reinforce  washers  are  punched  out  on  an  ordinary  puncliing  machine. 
The  eyelets  are  put  in  by  boys  with  special  hand  machines  devised  for  the  purpose. 
In  making  the  strings,  the  string  is  first  wound  on  spools.  The  spools  are  made  of 
four  tin  plates  set  at  right  angles,  the  distance  between  the  outer  ^ges  of  the  tin  be- 
ing the  length  of  a  string.  These  edges  are  then  dipped  in  gum  shellacand  allowed 
t^  dry.  The  strings  are  then  out  along  the  edges  or  the  tin.  The  gum  forms  a  stiff 
tag  to  facilitate  passing  the  string  ends  through  the  holes  in  the  target  cloths  and 
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frames.  The  strings  are  tied  up  in  hanks  and  properly  labeled,  36  strings  in  a  bank 
for  the  D  target,  24  for  the  E,  and  15  for  the  F.  In  issuing,  5  hanks  or  sets  of  strings 
were  issued  for  every  4  targets. 

PAPER  TARGETS.  * 

As  has  been  stated,  these  are  black  paper  silhouettes  having  the  same  contour  as 
the  target  frames  and  cloths.  It  was  found  that  purd  black  paper  could  not  be  ob- 
tained, except  with  a  glossy  surface,  which  reflected  the  lieht  and  defeated  the  ob- 
ject sought.  After  much  trouble  a  dead  blue-black  (nearly  black)  paper  was  obtaioed 
which  showed  well  in  the  sun  at  a  distance,  and  was  approved  by  the  Chief  of  Ord- 
nance'. The  paper  weighs  about  2  pounds  per  100  square  feet.  It  is  purchased  in 
sheets— for  the  D  target  27  by  68  inches,  for  the  £  27  by  42  inches,  for  the  F  27  bj  37 
inches.  By  making  a  crooked  cut  across  the  latter  size  two  F  targets  are  obtaued 
from  one  sheet. 

The  silhouettes  are  cut  out  of  the  paper  as  follows : 

About  one-half  a  ream  of  paper  is  placed  between  two  stiflf  wood  templets  havingtbe 
same  contour  as  the  silhouette  to  be  out.  The  paper  is  then  compressed  with  hesTj 
iron  clamp  screws,  and  the  silhouettes  are  sawed  out  with  a  large  band  scroll-saw. 
The  clamp  screws  are  removed  from  in  front  of  the  saw  and  placed  behind  it  from 
time  to  time  as  they  are  reached.  One  man  can  cut  out  2,000  D's,  2,500  E%  and 
3,000  F's  per  day. 

B\M  of  fM,ter\aU  for  and  co8t  of  one  skirmish  target  D  {steel  frame). 

Thirty  pounds  steel  bar,  at  2^  cents  per  pound (0  75 

Eight  I  by  1  inch  round-head  rivets Od( 

Coal .jfi^^ 07 

Labor SY^tr ^^ 

Coal-tarring ,p^ OU 

General  expenses 04 

Patterns,  dies,  and  tools OJJ 

117 

In  future  manufactures  deduct  6  cents  for  patterns,  dies,  and  tools  on  hand.  Tbe 
above  does  not  include  cost  of  crating  for  shipment,  which  was  about  11  cents  eaeh. 

Bill  of  materials  for  and  oost  of  one  skirmish  target  E  (steel  frame). 

Twenty-one  and  four-tenths  pounds  steel  bar,  at  2^  cents  per  pound |0  53( 

Five  I  by  1  inch  round-head  rivets Oli 

Coal 06 

Labor 16 

Coal-tarring Oli 

General  expenses 03^ 

Patterns,  dies,  and  tools 06 

086 

In  future  manufactures  deduct  4  cents  for  patterns,  dies,  and  tools  on  hand.  The 
above  does  not  include  cost  of  crating  for  shipment,  whion  was  about  9  cents  each. 

Bill  of  materials  for  and  oost  of  one  skirmish  target  F  {steel  frame). 

Eight  and  one-half  pounds  steel  bar,  at  2|  cents  per  pound .  $0  21^ 

Two  I  by  1  inch  round- head  rivets 00| 

Coal 02^ 

Labor 09 

Coal-tarring 01 

General  expenses 08J 

Patterns,  dies,  and  tools OU 

038 

The  above  does  not  include  coat  of  crating  for  shipment,  which  was  about  4  cents 
each. 

The  foregoing  statement  of  cost  of  patterns,  dies,  and  tools,  does  not  include  the 
bending  machine  (about  (450)  and  the  furnace  (about  $145),  which  were  charged  ta 
the  arsenal  plant. 
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Bill  of  materiaU  for  and  cost  of  100  D  target  cloths. 


MATERIALS. 

52  yards  cotton  cloth,  72  iDches  wide,  at  20  cents  per  yard |10  40 

3,625  brass  eyelets,  at  75  cents  per  thoasand 2  72 

Misoellaneons  articles 25 

LABOR. 

Cutting  and  punching |0  70 

Making  leather  reinforces 36 

Splicing  on  arm 60 

Putting  in  eyelets 2  00 

3  66 

Special  tools 10 

General  expenses 75 

Total 17  88 

18  cents  each. 

Bill  of  materiaU  for  and  coat  of  100  E  target  clothe, 

m 

MATERIALS. 

44  yards  cotton  cloth,  72  inches  wide,  at  20  cents  per  yard $8  80 

2,425  brass  eyelets  C,  at  75  cents  per  thousand 1  83 

Miscellaneous  articles 20 

LABOR. 

Catting  and  punching |0  55 

Making  reinforces 24 

Putting  in  eyelets..^ 1  35 

Tools. 07 

General  expenses 43 

Total 13  47 

13i  cents  each. 

Bill  of  materiaU  for  and  cost  of  100  F  target  clothe, 

MATERIALS. 

24  yards  cotton  cloth,  72  inches  wide,  at  20  cents  per  yard $4  80 

1,525  brass  eyelets,  at  75  cents  per  thousand • 1  15 

Miscellaneous  articles 15 

LABOR. 

Cutting  and  punching |0  40 

Making  reinforces 15 

Putting  in  eyelets 80 

Tools 5 

General  expenses 27 

Total 7  77 

8  cents  each.     - 

Bill  of  materiaU  and  cost  of  100  paper  ekirmisking  targeU, 

D. 

5^.5  pounds  paper.  atS^  cents  per  pound $2  00 

Labor  and  general  expenses 25^ 

Cost  per  target,  2i  cents. 
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E. 

13.4  pounds  paper,  at  8^  cents  per  pound |l  14 

Labor  and  general  expenses 22 

Cost  per  target,  1|  cent«. 

F. 

6  pounds  paper,  at  8^  cents  per  pound fO  ^l 

Labor  and  general  expenses 18^ 

Cost  per  target,  i^  cents. 

The  capacity  of  tools  now  on  hand  is  sufficient  for  making  per  day  :  95  D,  125  £, 
250  F,  targets;  250  D,  350  E,  550  F,  target  cloths;  2,000  D,  2,500  E,  3,000  F,  paper 
targets. 
Respectfully  submitted. 

D.  W.  FLAGLER, 
LieutenanUColonel  of  Ordnance,  Commanding, 
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DESCRIPTION  OF  THE  METHOD  EMPLOYED  IN  ATTACHING  THE  SIGHIS 

TO  THE  S-INCH  RIFLES. 

By  Capt.  C.  W.  Whipple,  Ordnance  Department. 

(I  plate.) 

The  method  employed  at  the  Ordnance  proving  ground  for  attaching 
sightB  to  the  8-inch  converted  rifles  is  as  follows : 

The  gun  is  mounted  on  skids  and  leveled  as  regards  the  axis  by  a 
<<  gunner's  quadrant"  applied  to  the  face  of  the  piece;  a  wooden  saddle 
is  then  seated  on  the  trunnions  (see  sketch  1)  upon  which  is  placed  a 
spirit-level,  and  the  gun  is  then  leveled  as  regards  the  axis  of  the  trunnions. 
Having  verifled  these  adjustments,  ^^  the  line  of  metal"  is  determined 
in  the  usual  way  by  establishing  two  points  (front  and  rear)  with  the 
"  gunner's  level"  and  tracing  a  line  between  them. 

With  guns  converted  to  rifles  by  insertion  of  tube  through  the  breech, 
the  center  of  the  breech  is  indicated  on  the  plug.  With  <'  muzzle-inser- 
tion" guns  carpenters'  calipers  are  used  for  determining  the  center  of 
the  breech,  as  follows:  the  paint  is  carefully  scraped  from  the  cascabel 
at  the  extremities  of  the  horizontal  and  vertical  diameters ;  the  calipers, 
being  set  approximately  to  the  radius  of  the  breech,  are  applied  from  the 
extremities  of  both  diameters  so  as  to  scratch  lines  near  the  center ; 
these  lines  form  the  sides  of  a  square,  the  diagonals  of  which  intersect 
at  the  center  of  the  breech. 

THE  BEABSIGHT   SEAT. 

A  carefully  planed  rectangular  wooden  board  12.625  inches  deep 
(the  height  of  the  seat  for  breech-sight  above  axis  of  gun)  is  then  sus- 
pended at  the  breech  by  two  cleats  bearing  at  either  side  on  the  cas- 
cabel in  such  a  manner  that  the  lower  horizontal  edge  shall  be  at  the 
center  of  the  breech*  (see  sketch  2).  It  is  leveled  by  applying  a  spirit- 
level  to  its  upper  horizontal  edge  and  made  vertical  by  the  use  of  the 
plummet.  On  tiiis  board  (or  templet)  a  vertical  line  is  drawn  at  a  dis- 
tance of  8.775  inches  from  the  center,  and  the  intersection  of  this  line 
with  the  upper  horizontal  edge  of  the  templet  determines  the  position 
of  the  seat  for  the  breech-sight.  The  curvature  of  the  breech  enables 
the  seat  to  be  located  and  supported  by  hand,  and,  the  templet  having 
afterwards  been  removed,  the  hole  for  one  screw  is  marked,  the  seat  re- 
moved, and  this  hole  drilled  and  tapped.    The  seat  is  then  secured  by 

*  The  templet,  shown  in  sketch  2,  mast  of  course  be  cat  away  when  nsed  with 
'breech-insertion"  gans  so  as  to  override  the  projecting  plug. 
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the  single  screw,  and  its  position  having  been  verified  and  tbe  sight 
leveled,  the  holes  for  the  other  screws  are  marked,  the  seat  removed, 
the  holes  drilled  and  tapped,  and  the  seat  then  finally  replaced. 

THE  FRONT  SIGHT. 

« 

A  carefallj  fitted  tompion  is  thus  inserted  in  the  mnzzle,  to  which  is 
fastened  an  upright  cleat  extending  some  inches  above  the  gun ;  an 
offset  at  right  angles  to  this  cleat,  with  its  upper  edge  14.2  inches  from 
the  axis  of  the  gun,  is  attached  to  the  cleat  and  extends  to  the  right 
and  above  the  muzzle  of  the  gun  (see  sketch  3).  The  inner  edge  of  the 
cleat  passes  through  the  axis  of  the  tompion  and  is  made  vertical  bj 
the  use  of  the  plummet. 

The  breech-sight  is  then  inserted  in  its  seat  and  a  cord  stretched 
from  the  zero  of  the  scale  to  a  point  on  the  offset  at  the  muzzle  8.775 
inches  from  the  axis.  This  line  should  of  course  be  level^  which  is  ver 
ified  by  the  spirit-level.  The  front  sight  is  then  adjusted  by  hand  at 
a  distance  of  54  inches  from  the  rear  sight  and  so  that  its  edge  shall 
touch  and  coincide  in  direction  with  the  taut  cord ;  the  screw  holes  an 
marked,  the  sight  removed,  holes  drilled  and  tapped,  and  the  sight 
then  attached. 


PLATE  I. 
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Fio.  2 


Fie.  3 
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REPORT  ON  THE  POLE-LIFT  FOR  FIELD-ARTILLERY  CARRIAGES. 

By  Capt.  W.  L.  Haskin,  First  Artillery. 

(1  plate.) 

Peesidio  of  San  Francisco,  Oal.,  August  1, 1885. 

Ghief  of  Obdnance,  U.  8.  A., 

Washington,  2>.  C ; 

Sib  :  I  have  the  honor  to  state  that  I  retamed  to  this  post  on  the 
15th  ultimo,  with  my  battery,  from  a  practice  march  of  408  mUes. 

Two  of  the  3.2-inch  B.  L.  converted  rifles  mounted  on  steel  carriages 
were  taken  with  us.  I  did  not  take  their  limbers,  but  used  the  wooden 
ones  of  the  3-inch  guns.  We  encountered  all  the  difficulties  that  we 
would  be  apt  to  meet  in  campaign,  and  went  over  the  steepest  grades 
that  the  battery  has  ever  crossed,  all  without  injury  to  man,  horse,  or 
vehicle. 

I  inclose  a  photograph  of  the  pole-lift,  constructed  for  me  at  Benicia 
Arsenal,  by  your  authority,  for  use  on  this  trip,  and  report  that  it  per- 
fectly fulfills  its  object.  I  had  no  neck-sores,  nor  any  galls  that  could 
not  be  entirely  cured  in  one  or  two  days.  The  difference,  in  this  respect, 
between  my  experience  of  last  year  and  particularly  of  this  year,  as 
compared  with  Major  Sanger's  experience  in  1883,  is  very  marked.  No. 
light  battery  should  make  any  long  march  without  these  lifts.  They 
take  the  weight  of  the  pole  from  the  necks  of  the  wheelers,  and  save 
the  horses  from  all  the  bad  effects  due  to  the  thrashing  of  the  pole  up 
and  down  as  gullies  or  gutters  are  crossed.  To  remove  them,  it  is  only 
necessary  to  unhook  the  chain — either  before  or  behind  the  limber — and 
they  can  be  thrown  off  at  once.  When  the  end  of  the  pole  is  raised 
this  is  easily  done. 

In  order  to  diminish  the  weight  on  the  pole  I  shifted  the  knapsack 
straps  to  the  rear  of  the  limber-chests  and  hung  a  rack  there  for  the 
knapsacks. 

This  also  made  more  room  for  the  legs  of  the  men  and  made  the  chest 
a  more  comfortable  seat  for  them. 

I  could  not  do  this  on  the  new  iron  limbers,  nor  could  I  use  the  pole- 
lift  on  the  one  of  them  which  is  re-enforced  with  a  baud  of  metal  pro- 
jecting above  the  lid  and  crossing  it  from  front  to  rear  on  its  middle 
line.  It  was  for  these  reasons  that  I  did  not  take  the  new  limbers  with 
me. 

The  new  carriages  are  not  provided  with  long  sponges,  nor  with  any 
hooks  or  loops  upon  which  they  could  be  carried.  After  a  day's  firing  it 
is  absolutely  essential  that  the  whole  bore  of  the  gun  should  be  cleaned, 
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and  the  sponge  used  in  the  firing  is  useless  for  this  purpose.    It  is  not 
half  long  enough. 

There  is  no  place  for  a  prolonge  on  the  new  carriage. 

The  neiD  elevating  screw  work^  with  ease  at  all  times,  though  oocft* 
sionally  on  reaching  camp  the  dust  would  be  an  inch  deep  on  every- 
thing. It  works  too  easily  in  fact,  and  I  found  it  necessary  to  use  a 
leather  thong  fastened  to  the  most  conyeaient  part' of  the  carriage  and 
tied  to  the  wheel  of  the  elevating  screw  to  keep  it  from  turning. 

The  locking  apparatus  of  the  piece  invariably  unlocks  itself  on  the 
march  and  on  mounted  drill.  I  have  to  use  a  leather  thong  to  keep  the 
handle  in  place.  This  defect  could  be  easily  remedied  by  making  the 
lower  end  of  the  handle  heavier  than  the  upper  end. 

Having  the  belief  that  it  was  necessary  to  keep  the  breech  mechanism 
covered,  I  had  covers  made  of  heavy  canvas  and  leather,  but  I  found 
before  we  started  out  that  the  steel  rusted  much  worse  when  the  coven 
were  on  than  when  it  was  wholly  without  such  protection,  and  accord- 
ingly I  removed  them. 

We  were  absent  five  weeks,  and  the  breech  mechanism  did  not  suffer 
at  any  time  for  want  of  cover. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

WM.  L.  HA8KIN, 
Oaptainj  First  Artillery^  commanding  Light  Battery  K 
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REPORT  OF  THE  CONSTRUCTION  OF  EXPERIMENTAL  CARRIAGE  AND 
LIMBER  FOR  GATLING  GUN^  CALIBER  0.45  INCH,  MODEL  1881,  AND  OF 
CART  FOR  DISTRIBUTING  SMALL-ARM  AMMUNITION  ON  THE  FIELD 
OF  BATTLE,  AT  WATERVLIET  ARSENAL,  DESIGNED  BY  CAPT  E,  B. 
WILLISTON,  SECOND  U.  S.  ARTILLERY, 

Bt  Likut.  Col.  A.  Mordscai,  Ordnance  Department. 

(3  plates.) 

Watbbvliet  Absenal,  N.  Y. 

The  experimental  gon  carriage  and  limber  for  Gatling  gun,  caliber 
0.45  inch,  model  1881,  fabricated  at  this  arsenal  in  1881  and  1882,  were 
modifications  of  those  of  previous  patterns,  proposed  by  Gapt.  (now 
Major)  E.  B.  Williston,  Second  U.  S.  Artillery. 

The  features  desired  in  this  construction,  and  also  those  for  the  am- 
munition cart  for  distributing  small-arm  ammunition  on  the  field  of 
battle,  proposed  by  Captain  Williston,  and  manufactured  about  the 
same  time,  are  set  forth  in  the  following  papers : 

Washington,  D.  C,  September  8, 1881. 
The  Chiet  of  Ordnance  U.  S.  Armt, 

Waahingion,  D,  C, : 

General:  The  method  of  paokiDg  ammunition  and  feeding  machine  gnns  piopoeed 
by  Captain  Greer,  Ordnance  Department,  U.  S.  Army,  and/recommended  for  adoption 
by  the  Ligbt  Artillery  Board,  necessitates  radical  changes  in  the  system  of  sappTyinff 
ammunition  I  have  had  the  honor  to  submit  (see  my  report  dated  March  20, 1880),  and 
as  I  have  simplified  the  plan,  notwithstanding  that  I  have  extended  it  so  as  to  em- 
brace the  supplying  of  infantry  and  cavalry  in  battle  as  well  as  the  machine  gun, 
thereby  making  the  system  complete,  I  very  respectfully  request  that  I  may  be  per- 
mitted to  confer  with  the  commanding  officer  of  the  Watervliet  arsenal,  with  a  view 
of  donstructing  at  that  arsenal  a  cart,  one  set  of  harness,  and  one  set  or  pouches,  for 
nse  in  packing  the  cart  horses  when  circumstances  prevent  the  carts  from  being  used. 

I  have  been  prevented  from  submitting  the  details  of  this  system,  as  improved, 
with  the  required  drawings^  and  I  would  prefer  to  await  the  results  of  a  consultation 
with  Colonel  Buffington  before  furnishing  them,  as  I  am  still  undecided  as  to  some  of 
the  minor  parts  of  the  construction. 

The  results  of  the  trials  which  I  have  made  with  the  ammunition-«npply  cart  already 
furnished  to  me  warrant  my  expressing  the  belief  tbat^  in  case  this  important  system 
is  tried,  the  results  will  prove  satisfactory,  and  will  simplify  the  problem  of  supply 
now  rendered  of  great  consequence  by  the  introduction  of  the  breech-loader  and  the 
machine  gun,  and  the  proposed  adoption  of  a  magazine-rifle. 

If  possible,  I  would  like  to  have  the  cart,  the  harness,  and  the  pouches  made  in 
time  to  submit  them  to  the  Lieht  Artillery  Board. 
Very  respectfully  your  ooedient  servant, 

EDW'D  B.  WILLISTON, 

Captain  Second  ArtiUery. 
[Fint  indorsement.] 

Ordnance  Ovvicb,  September  9,  1881. 

Bespectfolly  referred  to  the  commanding  officer  of  Watervleit  arsenal,  who  will 
confer  with  Colonel  Williston  on  the  subject  matter  of  the  within  commi^cation 
and  other  kindred  subjects.    He  will,  as  soon  as  possible,  report  on  the  changes  to  be 
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made  on  the  carriages  for  machine  gnns,  and  on  the  modifications  proposed  in  tb 
ammunition  cart,  harness.  &,q.  This  is  deemed  a  matter  of  great  importance  tol 
prompt  action  is  requested,  thaf ,  if  possible,  all  these  things  be  prepared  in  time  fa 
the  action  of  the  Light  Artillery  Board. 

8.  V.  BENfiT, 
Brigadier  Otneral,  Chief  of  Ordnanet, 

(Second  indorsement.] 

Watbrvlust  Arsenal,  September  28, 1881. 

Respectfully  returned  to  the  Chief  of  Ordnance,  inclosing  report,  iu  accordsM 
with  nrst  indorsement  hereon. 

A.  R.  BUFFINGTON, 
Lieutenant-Colonel  of  Ordnance,  Commafulttf. 

REPORT. 


GUN  CARRIAGE  AND  LIMBER. 

Col.  E.  B.  Williston  proposes  to  have  built  one  carriage  differing  from  the  \U 
model  of  carriage  for  Gatling  guns  made  at  Watervliet  arsenal,  provided  this  eaniasi 
has  all  the  latest  improvements,  which  it  has,  so  far  as  known,  at  Watervliet  anen4 
excepting  the  modifications  described  below  of  the  changes  proposed  by  Captia 
Qieer,  Ordnance  Department,  in  the  sise  and  manner  of  filling  Umber-box  and  boxfl 
onffunaxle;  in  substitutinK  for  splinter-bar  double  and  whiffle  trees;  in  haTingi 
brake  for  down  hill  which  snail  also  be  a  mud-8cra}>er  for  wheels,  described  beloir; 
in  having  trail  hand-spike  hinged  to  the  trail,  and,  in  so  far  as  the  different  ennswiil 
permit,  have  this  carriage  so  made  that  future  constructions  of  carriages  for  the  G«ii> 
ner  machine  guns  shall  be  like  it.  He  desires,  also,  whatever  additions  may  be  dm* 
essary  to  enable  him  to  carry  on  the  Carriage  or  limber,  and  in  the  manner  sUte^ 
the  following  articles,  viz : 

Feed-guides,  outside  of  limber  and  gun  boxes ;  intrenching  tools ;  'W'ater  bnckali 
(two  of  galvanized  irou,  painted  olive  to  rim;  on  foot-board  of  limber  by  means  d 
rings;  a  small  grease-can  holding  wheel-grease  and  a  small  shovel  or  spatuls,  be* 
tween  the  limber-hounds ;  a  picket  rope  3  inches  girth,  40  feet  long,  with  loop  at  eick 
end  on  curved  hooks  under  the  limber-axle ;  the  necessary  spare  parts  and  gun  iinpk* 
ments  somewhere  outside  of  limber  and  gun  boxes ;  in  like  manner  a  monkey-wrench, 
cotton  waste,  and  a  brdss  oiler. 

He  wishes  also  all  wood  parts  to  be  oiled  instead  of  painted  ;  the  gun  to  be  browned: 
the  rear  sight  of  Gatling  gun  to  be  the  same  as  the  Gardner,  and  the  front  also  liki 
the  Gardner,  but  finer  at  the  point,  and  made  to  fold  down  when  not  in  nse. 

When,  in  April  last,  work  was  suspended  on  the  14  Gatling  carriages,  then  andff 
construction  at  Watervliet  arsenal,  the  Umber-boxes  and  boxes  for  gun  axles  wen 
fully  completed,  with  the  exception  of  putting  in  the  fillings,  which  were^aotll 
made. 

The  changes  proposed  by  Captain  Greer  cannot  be  applied  to  these  boxes,  as  tbej 
were  too  small ;  but  the  limber-boxes  can  be  made  to  carry  10,080  rounds — 1,200  mon 
than  the  proposed  box — without  other  alteration  than  putting  in  partitions  and  filliof 
to  take  up  some  unnecessary  play  of  cartridge  packages,  thus  dispensing  with  the 
proposed  drawers.  Those  of  the  Lowell  carriage  at  Watervliet  weigh,  with  lid,  eafi 
18^  pounds,  which  add  to  the  weight  to  be  carried  and  are  otherwise  objectionable. 
The  gun  axle-boxes  are  too  small  to  carry,  in  packages,  each  more  than  about  1,)W 
rounds,  but  boxes  can  be  made  whose  interior  dimensions,  without  partition,  would 
exceed  th&se  but  0.025  inch  (height)  by  0.7  inch  (depth)  by  1.2 inches  (width)  and  cany 
each  2,560  rounds,  together  5,120 — 800  less  than  Captain  Greer's  boxes  or  drawers,  but 
making  the  sum  total  for  each  gun  (10,080 +  &>  120  =  li»,200)  400  more,  and  give, 
which  Captain  (freei-'s  plan,  so  far  as  understood,  does  not,  the  necessary  room  fiir 
traversing  gun  and  turning  the  crank.  Indeed  it  is  difficult  to  see  how  two  drawen 
of  the  dimensions  of  the  Lowell  boxes  are  ^'  to  be  carried  as  at  i»resent  on  each  side 
of  the  gun,''  unless  they  and  whatever  holds  them  be  removed  in  action,  and  meet 
the  wants  of  the  Gatling  system ;  it  may  be  the  Lowell,  as  the  crank-axle  is  a  proloogi* 
tion  of  the  gun-axis. 

There  is  also  another  objection  to  the  use  of  limber-chests  of  the  dimensions  prO' 
posed  by  Captain  Greer,  and  consequently  to  the  present  Lowell  limber-chest  wtich 
he  adopts,  for  adaptation  to  all  machine  guns  in  that  it  is  too  long,  the  end  of  cbetf 
curving  too  near  the  wheels. 

Colonel  Williston  approves,  as  superior  means  of  carrying  ammunition  and  ofienng 
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ter  facilities  for  nsing  it  iu  action,  and  desires  for  the  carriage  to  be  built  for  him, 
imber-cbest  and  boxes  for  gun  axle  as  follows,  viz :  Limber-chest  of  about  the  same 
imensioDS  as  those  last  made  at  Watervliet  arsenal  for  the  Catling  carriage,  the  in- 
srior  to  be  diyided  by  partitions  the  full  height  of  chest,  into  six  compartments, 
each  to  hold  1,680  rounds  packed  in  the  feed-cases  proposed  by  Captain  Qreer. 

In  each  compartment  tbere  will  be  a  **  follower  ^'  for  retaining  in  place  the  cart- 
ridges, whetber  the  compartment  be  wholly  or  partially  filled. 

Boxes  for  ^n  axle  (each  to  carry  2,560  ronnds,  a  Iso  in  the  proposed  feed-cases, 
either  in  one  or  two  compartmf  nts,  to  be  decided  hereafter)  to  be  like  those  made  for 
last  constructed  Gatling  carriage,  but  increased  in  dimensions  as  above  stated,  and 
fastened  in  like  manner  to  gun  axle ;  the  left  one  immovably  with  lid  across  the 
whole  top  opening /rom  the  gpn;  the  right  to  rotate  to  the  front  about  on  axis  near 
■upper  surface  of  axle,  with  lid  on  end  toward  the  trail,  hinged  to  the  top. 
'  The  brake  for  down  hill,  desired  and  referred  to  above,  is  the  same  as  proposed, 
only  lighter,  for  the  3.20-inch  field-carriage ;  that  is,  a  rod  or  bar  of  iron  or  steel,  eyed 
at  one  end  to  a  strap  around  the  shoulder- washer,  the  other  end  being  a  compara- 
tively heavy  shoe,  forged  on,  so  that  when  held  vertically,  the  shoe,  having  a  flange 
to  go  outside  of  tire,  will  pass  over  the  tire;  from  this  position,  thrown  either  to  the 
front  or  rear,  it  will  break  the  wheel;  to  the  rear,  on  the  march,  it  will  serve  as  a 
.mud-scraper. 

AMMUNITION  CART. 

To  differ  from  the  one  last  made  at  Watervliet  arsenal  in  the  following  particulars: 
Splinter-bar,  hounds,  and  what  corresponds  to  the  fork,  to  be  of  iron  ;  wooden-axle 
body  to  be  dispensed  with  ;  the  hounds,  of  angle  iron,  to  extend  to  the  rear,  suitably 
bent  and  shaped,  to  serve  as  mud  scrapers  for  the  wheels;  addition  of  whiffletrees ; 
shafts  to  be  turned  round  for  a  certain  distance  from  the  ends  for  the  use  of  the 
'** shaft-rings  "  of  harness;  the  body  replaced  by  a  low  wooden  chest,  similar  to  an 
■ordinary  cart-body,  divided  into  two  compartments,  each  to  carry,  packed  in  the 
I  Greer  feed-cases,  7,500  rounds;  this  chest  or  body  to  rotate  to  the  rear  about  the  axle, 
to  which  it   is  to  be  suitably  attached  to  permit  this  motion,  and  provided  with  a 
narrow  lid  or  door  on  under  side  next  to  the  rear  end,  made  of  about  25-inch  steel 
plate,  which  shall  be  automatic,  opening  for  the  distribution,  on  the  ground,  of  cart- 
*Tldges,  when  the  body  is  tilted  to  the  rear,  and  closing  when  drawn  back  to  first  posi- 
tion ;  to  accomplish  which  operations  it  is  to  be  provided  with  (under  the  control  of 
the  driver)  ropes  and  a  lever  suitably  attached  to  it  and  the  part  of  cart  on  which  it 
rests ;   to  have  two  lids  or  doors  on  top,  hinged  longitudinally,  opening  from  the 
wheels ;  to  be  lined  on  under  side,  in  rear  of  axle  to  the  steel  door,  with  1-inch  sheet 
steel.    The  means  and,  essentially,  the  details  to  accomplish  what  is  here   stated 
have  alreadv  been  devised  and  worked  up  at  Watervliet  arsenal.    It  is  desired  that 
the  cart  shall  carry  two  axes,  a  spade,  a  pick,  sperm-oil  can,  a  monkey-wrench. 

CHANGES  IN  CART  HARNB88. 

Substitution  of  Whitman  saddles  for  both  off  and  near  horses  for  those  now  in  use ; 
of  shaft- rings  for  the  hooks,  with  addition  of  breeching,  traces,  and  whifiletree  for 
shaft-horse,  also  light  strap  with  snap-hook  connecting  shaft  ring  with  hame-tug ; 
substitution  of  cavalry  for  artillery  bit  (Shomaker  preferred),  and  of  hair  for  web 
girths  for  both  horses. 

All  traces  to  have  chains  20  inches  long  with  Woelcken  hooks  attached  to  clips,  and 
all  to  be  permanently  attached  to  hame-tugs;  whiffletrees  to  have  rings  instead  of 
''cock-eyes,"  and  collars  and  hames  to  be  permanently  connected,  hinged  at  the  top, 
and  fastened  at  the  breast  with  a  spring-catch. 

Pouches  for  packing  ammunition  on  the  horaes:  To  be  made  of  leather  and  canvas, 
sewed  and  copper-riveted,  consisting  each  of  a  back  of  heavy  leather  and  two  heavy 
cotton,  duck  or  canvas  pockets,  7.25  by  12.50  by  15  inches,  to  carry  each  1,000  rounds 
in  the  Greer-paper  packages. 

The  leather  backs  are  to  be  so  made  as  to  pass  over  and  attach  to  the  saddle,  as  on 
ordinary  saddle-bags,  carrying  a  pocket  on  each  side ;  these  pockets  to  have  flap- 
covers,  to  be  attached  permanently  at  lower  inner  edge  and  temporarily  at  the  top 
by  means  of  eyes  in  the  back  of  pocket,  extended  and  united  with  rear  of  flap  (thus 
doubling  the  thickness  of  duck),  staples  fastened  t-o  the  leather  back  and  leather  strap 
to  nass  through  staples,  as  in  an  ordinary  mail-bag;  the  canvas  flap-covers,  when 
l|ocRets  are  full,  to  be  fastened  to  the  body  of  pocket  in  similar  manner.  They  are  to 
be  emptied  on  the  ground  of  contents  by  removing  fastening  of  flap,  fastening  of 
pocket,  and  allowing  it  to  turn  around  its  lower  permanent  attachment  to  the  back. 
It  being  supjiorted  and  fall  of  contents  regulated  by  driver. 
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ESTIMAIES. 

For  carriage  and  limber  (without  eqnipment  of  tools,  &c.) f450  09 

For  animunitioQ  cart  (without  equipment  of  toola,  &c. ) 29001 

For  ammunition  harness  (exclusive  of  patent  collars  and  hames) 76  00 

For  probable  cost  (not  known)  of  two  patent  collars  and  hames  permanently 

attached,  binned  at  the  top  and  closing  at  the  breast  of  the  spring  catch..     24 
For  two  pairs  of  ammunition  pouches,  at  $15  each 30 

Total 870 

Remark. — As  all  the  above  are  more  or  less  experimental,  the  exact  cost  canoot 

?;iven,  and  will  be  more  than  for  subseqnent  productions  after  models  are  once  «aiUl 
ished. 

Respectfully  submitted. 

A.  R.  BUFFINGTON, 
Lieutenant-Colonel  of  Ordnance^  Commandi»§. 

[Third  indorsement] 

Ordnance  Office,  October  1, 1681. 

Respectfully  returned  to  the  commanding  officer  Watervliet  arsenal,  approved,  u 
the  money  estimated  will  be  remitted.   It  is  not  intended  that  the  within  recommc 
tions  will  be  strictly  carried  out.    Such  modifications  as  experience  during  th»  mane 
facture  may  suggest  as  improvements  mav  be  made,  &c. 

S.  V.  BENfiT, 
Brigadier- 6 eneralf  Chief  of  Ordnann^ 

CONSTRUCTION, 

The  above  report  of  LieatenaDt-Oolonel  BaffingtoD,  accompanyiD 
his  indorsement  2,  dated  September  28, 1881,  was  the  guide  by  w 
the  work  was  to  be  done,  but  as  the  constructions  were  made  under  thi 
eye  of  Captain  Williston,  or  from  his  instructions,  many  deviati 
were  made  from  what  was  first  proposed. 

The  gun  carriage  and  the  limber  differ  from  those  of  previous  pat- 
tern for  guns  of  the  same  model  in  the  following  points,  viz: 

CARRIAGE. 

(Plate  1.) 

(1)  The  axle  boxes  for  ammunition  are  smaller  and  the  details  a 
their  attachment  to  the  axle  body  are  changed.  Each  box  will  coDtaii 
45  or  48  packages  of  20  cartridges  each,  depending  upon  the  maonel 
in  which  they  be  arranged. 

(2)  The  axle  braces  are  bent  to  enable  the  cannoneers  to  stand  neaiei 
to  the  carriage. 

(3)  The  trail-handspike  is  of  metal,  and  is  attached  to  the  lunettfr 
plate. 

(4)  Each  wheel  is  provided  with  a  "Buffington'^  traveling  brake,  tf 
ranged  for  use  also  as  a  mud-scraper.  There  are  chains  to  retain  th( 
brakes  on  the  wheels  when  they  are  serving  as  mud-scrapers,  and  sap 
ports  with  spring  catches  to  secure  the  brakes  when  not  in  use. 

(5)  The  wood  work  is  oiled,  only  the  metal  work  is  painted  black. 

LIMBER. 

(Plate  1.) 

(1)  Instead  of  3,  there  are  2  foot-boards  resting  flat  upon  the  hoQQdi 

(2)  The  splinter-bar  is  of  the  same  length  as  foot-boards. 

(3)  The  fork  extends  in  front  of  the  splinter-bar. 
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(i)  An  evener,  with  a  singletree  at  each  end,  is  attached  to  the  fork, 

(5)  The  pole  prop  is  h^ld  np,  when  not  in  use,  by  a  spring  clasp  on 
the  left  hound. 

(6)  A  second  prop  is  attacheil  to  the  rear  end  of  the  left  hound;  this 
is  held  up  by  a  spriug  clasp  at  the  rear  of  the  axle  bociy. 

The  weight  at  the  end  of  the  pole  being  so  much  reiluced,  ^  prop  in 
rear  of  the  chest  appeared  advisable  for  use  when  the  lid  of  the  chest 
is  open. 

(7)  The  horizontal  |>art  of  pintle-hook  increased  in  length,  to  facili- 
tate limbering. 

(8)  The  chest  is  increased  in  size  and  is  divided  by  vertical  }>artitiona 
into  six  compartments  capable  of  containing  112  packages  of  20  cart- 
ridges each,  making  13,440  rounds  of  ammunition  on  the  limber. 

A  bar,  hinged  at  the  bottom  of  each  compartment  and  secured  at  the 
top  by  a  spring  clasp,  retains  the  packages  in  place  when  the  lid  may 
be  open. 

Grooves  in  the  partitions  admit  of  the  insertion  of  metal  plates,  **  fol- 
lowers" to  prevent  undue  motion  to  the  packages  when  i\  compartmtrnt 
may  have  been  partly  emptied. 

(9)  The  lid  of  the  chest  is,  when  open,  held  in  a  horizontal  |K>sitiou 
by  two  chains  terminating  in  snaps,  which,  when  unhooked,  permit  the 
lid  to  fall  to  a  vertical  position,  and  allow  the  cartridges  in  the  front 
part  of  the  chest  to  be  reached  more  readily. 

(10)  On  the  front  of  the  limber  chest  are  carried  two  felling  axea 
and  one  mattock,  held  by  sockets  and  spring  clasi>s. 

On  the  foot-boards  are  two  watering  buckets  placetl  in  iron  rings. 
Beneath  the  footboards  are  one  shovel  and  one  spade,  secureil  by 
sockets  and  straps  with  turn-buckles. 

(11)  The  wood  work  is  oiled  only,  the  metal  work  is  painted  black* 

AMMUNITION    CART. 

(Plate  IL)    • 

The  ammunition  cart  is  for  supplying  additional  ammunition  to  ma- 
chine guns,  but  it  is  especially  designed  for  disributing  small-arm  am- 
munition  to  troops  on  the  field  of  battle. 

Its  general  construction,  Plate  II,  is  that  of  a  two-wheeled  tip-cart. 

The  frame  consists  of  2  wheels,  1  iron  axletree;  1  wooden  axle 
boily,  2  side-rails,  1  cross-bar,  and  2  shafts,  the  right  one  attached 
to  the  crossbar,  and  to  the  right  side- rail  by  rondelles,  and  the  left  one 
bolted  to  the  cross-bar  and  extending  back,  mortised  into  the  axle  body. 

The  body  to  the  cart,  has  a  lid  in  two  pieces,  hinged  to  the  upper 
rails  of  the  sides;  it  is  divided  by  vertical  partitions  into  five  longi- 
tudinal compartments,  each  of  which  is  closed  at  the  rear  by  a  door 
hinged  to  the  rear  upper  rail  of  the  body. 

Each  compartment  is  the  width  of  the  length  of  the  paper  package 
that  contains  20  cartridges,  and  by  careful  packing  each  will  receive 
10  packages  in  height  and  15  in  length,  making  150  packages,  or  3,000 
rounds  of  ammunition  in  each  compartment,  or  15,000  rounds  in  the 
cart. 

It  is  intended  that  two  horses  should  ordinarily  be  used  in  this  cart,, 
the  off  one  in  shafts,  the  near  one  to  be  ridden  by  the  driver;  the 
traces  of  both  to  be  attached  to  single-trees  hooked  to  the  cross-bar. 

The  attachments  for  tipping  tl\^  body  and  for  opening  in  succession 
the  rear  door  of  each  compartment  shown  in  the  plate  are  controlled 
by  the  driver.    The  cord  operating  the  door-catches  extends  in  a  groove 
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alon^  the  under  side  of  the  left  shaft  to  its  front  end,  then  passes  through 
the  shaft  and  over  a  pnlly  to  the  driver's  hand.  The  loop  of  theoori. 
whose  ends  are  attached  to  the  lever  and  its  catches  for  tipping  ana 
lowering  the  body,  is  brought  to  the  driver  from  behind;  the  foroe 
which  he  has,  consequently,  to  exert  on  this  cord  being  a  pull  to  the 
rear. 

Grooves  in  the  sides  of  the  compartments  admit  the  introduction  of 
sheet-metal  slides  to  prevent  too  free  motion  among  the  packages  of 
cartridges  when  a  compartment  may  be  but  partly  full. 

From  each  side  rail  a  metal  bar  extends  over  the  adjacent  wheel  to 
serve  as  a  mud  scraper. 

The  lid  is  covered  with  heavy  canvas,  oiled.  All  the  wood-work  is 
oiled  only,  and  the  metal  parts  are  painted  black. 

HARNESS. 

(Plate  III.) 

The  harness  is  of  russet  leather,  with  the  metal  parts  blacked. 

The  *' Whitman"  saddle  is  used  for  both  horses.  At  the  rear  of  each 
saddle  is  a  hook,  on  which  is  placed  the  single-tree  with  traces  attached, 
when  the  horse  may  be  hastily  detached  from  the  cart.  The  single-tiee 
rests  upon  a  pad  in  rear  of  the  saddle. 

A  strap  over  the  off  saddle  supports  heavy  metal  rings,  throngh 
which  the  shafts  pass,  and  from  which  they  are  readily  with(frawn.  The 
harness  of  this  horse  is  provided  with  Berry's  patent  collar,  such  as  is 
employed  in  the  harness  for  steam  fire-engines. 

The  harness  for  the  near  horse  has  the  saddle  equipped  with  stirraps, 
and  has  a  breast  strap. 

AMMUNITION  POUCHES. 

.     (Plate  III.) 

For  supplying  ammunition  to  troops  that  cannot  be  reached  by  tbe 
cart  two  pairs  of  canvas  bags  or  pouches  are  provided.  These  maj  bi 
carried  habiti^ally  on  the  lid  of  the  cart,  and  when  required  (the  honei 
having  been  hastily  detached  from  the  cart),  are  hung  over  the  saddleii 
Ailed  from  the  cart,  and  sent  speedily  to  their  destination. 

The  pouches  are  attached  at  their  lower  edge  permanently  to  tte 
seat  piece,  of  leather,  but  at  their  upper  edge  are  secured  to  this  piett 
by  a  strap  only,  passing  through  staples. 

This  strap  being  withdrawn  allows  the  pouch  to  rotate  about  it  slower 
inner  edge  and  discharge  its  contents  upon  the  grouncL. 

Each  pouch  will  hold  50  paper  packages  of  20  cartridges,  makiB{ 
1,000  rounds  to  a  pouch,  or  2,000  rounds  for  each  horse. 

The  ammunition-cart  with  its  harness  and  the  ammunition-poacbd 
were  sent  to  Gapt.  E.  B.  Williston  at  Fort  Leavenworth,  Kans.,  in  Octo* 
ber,  1884. 

A.  MORDECAT, 
Lieutenant- Colonel  of  Ordnance^  Cotnmandinf* 
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REPORT  OF  THE  CONSTRUCTION  OF  QUNCARRIAQE  SADDLE  FOR 
H0TCHKI8S  MOUNTAIN  GUN,  CALIBER  1.65  INCHES,  AT  WaTERVLIET 
ARSENAL,  DESIGNED  BY  CAPT.  F,  D.  BALDWIN,  FIFTH  U,  S,  IN- 
FANTRT. 

By  Lieut.  Col.  A.  Mokdecai,  Ordnance  Department. 

(1  plate.) 

WATERVLIET  ARSENAL,  N.  Y. 

The  monutain  gun-carriage  saddle,  designed  by  Capt.  F.  D.  Baldwin, 
Fifth  TT.  S.  Infantry,  was  made  at  this  arsenal  in  the  winter  of  1882  and 
1883.  It  was  issaed  to  the  Fort  Abraham  Lincoln  ordnance  depot  in 
April,  1883. 

Its  construction  and  ase  are  set  forth  in  the  following  papers.  Some 
modifications  proposed  afterwards  by  Captain  Baldwin  were  adopted. 
The  drawings  on  the  plate  show  the  carriage  as  constrnctetl : 

Tecumsbu,  Mich.,  August  29,  1881. 
Col.  James  M.  Wuittemore, 

Acting  Chief  of  Ordnance : 

Dear  Sir:  I  have  just  completed  a  model  of  the  gnn-can-iage  saddle,  and  od  yonr 
•Qggestion  I  forward  the  same  by  mail  to  the  Department.  I  have  not  had  time  to 
oomplete  the  description  as  I  shonld  have  liked,  but  sufficient! jr  so  that  with  aid  of  the 
model  it  can  be  understood.  Should  there  be  anything  wanting  in  description,  d^c, 
and  yoQ  will  let  me  know,  will  try  and  explain.  I  have  not  entered  into  small  de- 
tails either  in  my  model  or  description;  in  fact  this  model  only  coven*  and  shows  the 
idea  or  principle,  which  must,  by  actual  experiments  and  trials,  be  perfected. 

I  have  estimated  the  weight  of  gun  and  carriage  at  not  exceeding  220  pounds.  I  do 
not  believe,  however,  that  if  the  carriage  is  properly  made  the  entire  weight  will 
exceed  200  pounds. 

The  carriage  should  be  made  of  steel  of  about  one-eighth  inch  in  thickness. 

Believing  that  the  subject  will  receive  due  consideration  at  the  hands  of  the  Ord- 
nance Department,  and  requesting  information  as  to  disposition  and  recommendations 
made, 

I  remain,  with  great  respect,  yours,  dec, 

FRANK  D.  BALDWIN, 

Captainf  Fifth  Infantry, 

Tecumseh,  Mich.,  August  29,  1881. 
The  Chief  of  Ordnance  U.  8.  Army, 

IVashington,  D,  C,  : 

8ir:  In  presenting  the  inclosed  model  of  a  mountain  gun-carriage  saddle  it  is  with 
a  view  of  overcoming  obstacles  found  to  exist  in  using  the  ordinary  gnn-carria^e 
when  it  becomes  necessary  to  pack  it  on  mules  in  mountain  warfare,  or  when  it  is 
•impracticable  or  impossible  to  go  on  wheels.     Its  advantages  are : 

(1)  The  carriage-saddle,  including  the  Hotchkiss  mountain  gun,  weighing  not  to 
nceed  220  ponnds,  can  ]>e  packed  on  one  mule,  whereas  it  requires  three  mules  to 
pack  the  gun  and  carriage  now  used— a  saving  of  two-thirds  in  transportation. 

(2)  The  gun  and  carriage-saddle  aro  complete  within  themselves,  and  when  the  one 
mole  upon  which  it  is  packed  reaches  the  field,  we  »re  ready  for  action  ;  whereas  with 
the  carriage  now  used  it  is  necessary  to  get  three  mules  on  to  the  field,  and  in  case 
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• 
one  of  these  mules  should  become  detached,  or  escape  while  going  into  action,  thf 
piece  would  be  wholly  unserviceable,  and  remain  so  until  the  various  parts  could 
be  collected  together. 

(3)  The  carriage-saddle  is  so  arranged  with  rings  that  with  the  ramrods  rnn  throagh 
these  we  have  handles,  and  should  the  mule  upon  which  it  is  packed  become  disabled 
within  a  reasonable  distance  from  the  point  of  action  the  men  necessarj' to  vork 
the  gun  can  pick  it  up  and  carry  it  to  the  field,  going  into  action  with  little  or  do  de- 
lay;  whereas  with  the  gun  and  carriage  packed  on  three  mules,  should  one  or  aU 
become  disabled,  there  are  not  men  enough  to  care  for  the  remaining  animals  and 
pack  the  parts  on  the  disabled  mules  to  the  point  of  action.  Hen^  the  gun  wonld  re- 
main out  of  action  until  fresh  animals  could  be  secured.  In  our  Indian  warfare  bj 
the  time  this  could  be  done  the  necessity  for  the  gun  wonld  have  passed. 

(4)  An  objection  might  be  raided  against  the  adopting  of  the  carriage-saddle,  asal 
times,  on  practicable  roads,  the  regular  gun-carriage  could  bo  used  with  greater fa« 
and  less  fatigue.  I  will  say  that,  as  the  carriage-saddle  with  gun  is  so  compact  and 
light  it  can  be  placed  in  a  wagon  while  marching  over  a  countrv  where  wagons  can 
be  taken,  and  it  is  not  my  intention,  nor  would  I  consider  it  advisable,  to  do  away 
with  the  gun-carriage,  excepting  under  circumstances  when  the  gun  cannot  be  tnuo- 
port^d  on  wheels. 

Believing  that  the  merits  of  the  gun-carriage  saddle  will  be  recognized  by  all  offi- 
cers without  further  comment,  I  will  respectfully  submit  this  model  with  inclosed 
meager  description,  requesting  that  it  be  presented  to  the  Board  of  Light  Artillei; 
Officers  now  in  session  at  Washington,  D.  C. 

Very  respectfully,  your  obedient  servant, 

FRANK  D.  BALDWIN, 

Captain f  Mfth  Infantry. 
r  First  indorsoment.] 

Ordnaxck  Office, 
WaBhington,  September  2,  1881. 

Respectfully  referred  to  the  president  of  the  Light  Artillery  Board,  for  considera- 
tion. 

JAS.  M.  WHITTEMORE, 

Jcting  Chief  of  Ordnance, 
[Second  indorsement.] 

Light  Artillery  Board, 
Washington,  D.  C,  September  3, 1381. 

Respectfully  returned  with  the  information  that  the  Board  has  recommended  that 
one  carriage  be  made  for  trial. 

JNO.  C.  TIDBALL, 
Colonel,  A  D.  C,  PreeidemL 
[Third  indorsement] 

Ordnance  Office, 
Washington,  November  17,  1881. 

Respectfully  referred  to  the  commanding  officer  of  Water vliet  Arsenal,  in  connec- 
tion with  report  of  Light  Artillery  B  jard,  sent  him  on  the  16tb  inst.    Model  sent  by 
express. 
By  order  of  the  Chief  of  Ordnance. 

JAS.  M.  WHITTEMORE, 

Lieutenant- Colonel  of  Ordnance, 

DESCRIPTION  OF  THE  BALDWIN  MOUNTAIN  GUN-CARRIAGE  SADDLE. 

DIMENSIONS. 

1  endeavored  to  have  the  model  made  to  the  scale  of  1  inch  to  4  inches. 
Not  having  the  exact  dimensions  of  the  Hotchkiss  mountain  gun,  it  un- 
doubtedly will  be  found  necessary  to  modify  the  top  section  of  the  car- 
riage to  conform  to  the  size  of  this  gun.  It  may  also  be  found  necessaij 
to  change  the  rear  trunnion-beds  so  as  to  bring  the  weight  of  the  gun 
over  the  center  of  the  animal's  back. 

DESCRIPTION. 

The  carriage-saddle  consists,  first,  of  two  sections,  attached  by  means 
of  a  strong  continuous  hinge  running  the  entire  length  of  the  top  sec- 
tion. At  each  corner  of  the  top  section  a  ring  is  attached,  through 
which  the  ramrods  are  passed,  laying  along  the  side  of  the  carriage 
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while  in  transit,  and  in  case  it  becomes  necessary  for  the  men  to  carry 
the  gun  and  carriage  by  hand,  these  rings  can  be  turned  to  the  front 
and  rear,  the  ramrods  passed  through  them  at  right  angles  to  the  car* 
riage,  whereby  handles  are  improvised,  which  will  enable  the  men  to 
move  the  piece  with  ease  and  to  points  inaccessible  for  animals. 

To  provide  for  the  elevation  of  the  gun,  a  thin  plate  of  steel,  fast- 
ened to  the  front  cross-bar,  extending  to  the  rear  under  the  gun  and 
over  the  rear  cross  bar.  To  regulate  the  elevation,  a  wedge  is  used. 
At  the  rear  end  of  the  top  section  is  a  round  iron  bar,  the  ends  of  which 
pass  through  the  sides  of  the  carriage  aud  shaped  into  a  crank.  A 
washer  is  fitted  to  this  bar  close  to  the  sides  of  the  carriage,  which  pre- 
vent its  spreading.  On  the  inside,  attached  to  this  bar,  are  flanges^ 
which  act  in  the  double  capacity  of  preventing  the  sides  from  closing 
in,  and,  when  the  lower  section  is  closed  together  and  standing  per- 
pendicular, holds  the  top  and  lower  sections  together  securely  by  the 
flanges  passing  down  into  the  slots  cut  out  of  the  saddle-pads.  The 
bend  in  this  bar  is  to  give  the  necessary  room  to  secure  elevation  of 
the  gun. 

The  wooden  pads  attached  to  the  lower  section  inside  made  to  fit 
the  aparajoe. 

At  each  end  of  the  lower  section  are  hooks,  which  are  used  to  pre- 
vent the  spreading  of  the  carriage  when  in  action.  When  packing  the 
carriage  these  hooks  will  be  secured  along  the  side  of  the  carriage  by 
inserting  the  point  of  the  hook  in  the  eye  on  the  runner. 

SEE  MODEL. 

To  be  made  of  ^-inch  steel.  It  may  be  found  necessary  to  strengthen 
the  rear  part  of  the  top  section  to  keep  it  from  spreading  or  closing. 

GENERAL   INSTRUCIIONS   FOR    USING   AND   WORKING    THE    BALDWIK 

MOUNTAIN-GUN  CARRIAGE  SADDLE. 

Being  ready  for  action,  the  ramrods  removed  from  the  rings,  to  pre- 
pare it  for  packing  on  mules — 

(1)  Turn  the  cranks  on  each  side  around  to  thefront  until  they  stand 
perpendicular  to  the  sides.  This  will  turn  the  flanges  out  of  the  slots 
and  disengage  the  sides  of  the  carriage.  Then  unfasten  the  hooks  at 
each  end  of  the  lower  section  of  the  carriage,  turning  them  back  and 
along  the  side,  securing  them  in  the  runners.  This  done,  the  lower 
section  can  be  spread. 

(2)  Spread  the  base  of  the  carriage  about  2  feet,  each  side  equally, 
then  turn  the  cranks  down  so  that  they  will  lay  horizontally  with  the 
sides  of  the  carriage.  This  is  necessary  to  prevent  the  bar  coming 
down  onto  the  mule's  back. 

(3).  Turn  the  gun,  muzzle  to  the  rear,  placing  the  trunnions  in  the 
rear  trunnion -beds.  The  carriage  is  now  ready  and  in  shape  to  be 
placed  on  aparajoe. 

It  should  be  lifted  bodily  to  the  mule's  back,  the  lower  part  of  the 
carriage  next  the  mule  swinging  out  horizontally  to  prop  it  over  the 
back  of  the  mule,  lash  and  fasten  securely,  passing  the  lashings  through 
the  openings  in  the  lower  sections  and  not  over  the  runners,  as  it  would 
have  a  tendency  to  spring  the  sides  out  of  shape  and  spring  apart  the 
top  section,  besides  throwing  the  pads  off  the  aparajoe,  whereas  they 
should  be  lashed  down. 

After  the  carriage  is  properly  packed  put  the  ramrods  through  the 
rings  in  their  proper  place. 
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TO  PREPARE  FOR  ACTION. 

(1)  Kemove  the  ramrods;  unfasten  the  lashings;  lift  the  carnage 
from  the  male  by  passing  it  either  to  the  rear  or  over  the  side  and  plaoe 
on  the  ground,  the  runners  spread  about  2  feet. 

(2)  Turn  the  gun  muzzle  to  the  front,  placing  the  trunnions  in  the 
fix>nt  trunnion-beds. 

(3)  Turn  the  cranks  up  to  first  position,  a^  when  preparing^  the  car- 
riage to  pack ;  close  the  lower  section  of  the  carriage ;  unfasten  the 
hooks  from  the  runners  and  secure  them  across  the  ends  of  the  carriage; 
turn  the  crank  down  to  original  position,  and  we  are  ready  for  actioo. 

The  ramrods  should  not  be  in  their  place  on  the  carriage  at  any  tioie 
while  the  carriage  is  being  put  in  condition  for  action  or  for  packing. 

MATERIALS. 

The  principal  parts  of  this  carriage  are  of  Bessemer  steel  0.18-iDch 
thick. 
The  trunnion-beds  and  cap-squares  are  of  bronze. 

A.  MORDECA.I, 
Lieutenant' Colonel  of  Ordnance^  Commanding. 

Watbrvlibt  Arsenal,  N.  Y.,  1885. 
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REPORT  OF  THE  CONSTRUCTION  OF  METAL  LIMBERS  FOR  SERVICE 
WITH  FIELD-CARRIAGES  FOR  Z,%INCH  BREECH-LOADINO  RIFLES  AT 
WATERVLIET  ARSENAL. 

(6  plates.) 

Watbbvlibt  Arsenal,  N.  Y.,  September  — ,  1885. 

The  first  metal  limbers  for~  field-carriages  coDstructed  at  this  ar- 
senal were  made  for  service  with  a  caisson,  a  battery-wagOD,  and  a 
forge,  each  of  metal,  recommended  bj^  the  Board  of  Light  Artillery 
Officers  convened  by  virtue  of  General  Orders  No.  39,  Headquarter&r  of 
the  Army,  A.  G.  O.,  Washington,  April  28, 1881. 

The  following  extract  from  the  proceedings  of  that  Board  expresses 
its  views : 

The  pole  of  the  limber  to  be  of  wood  and  the  frame  of  steel  or  iron,  and  its  wheels 
interchangeable  with  those  of  the  piece. 

Tbe limber-chests  to  be  of  steel,  and  for  the  3.2-inch  ffun  capable  of  carrying  abont 
40  ronnds  of  projectiles  laid  horizontally  in  pigeon-holes  or  ooxes,  the  cartridges  to 
be  carried  above  the  projectiles  in  water-proof  drawers,  and  the  chest  provided  with 
two  drawers  or  compartments,  one  for  small  ImplemeutB  and  the  other  to  be  nsed  ez- 
clmdvely  for  carrying  friction-primers.  The  back  of  the  chest  to  let  down  by  means 
of  hinges  at  the  bottom,  giving  access  to  the  interior  of  the  chest ;  when  np  or  closed 
to  be  secured  by  strong  fastenings,  and  when  down  to  be  supported  horizontally  by 
■traps  or  other  device.  The  ends  of  the  chest  to  be  provided  with  handles,  as  in  the 
the  present  model,  and  foot-boards  of  metal  to  be  provided  for  cannoniers  when  mount- 
•d  on  the  chest. 

That  wooden  single-trees  be  fast-ened  to  the  end  of  a  short  splint«r-bar,  and  that 
the  line  of  traction  of  the  traces  be  the  same  as  in  the  present  harness. 

The  pole  to  be  attached  to  the  limber  in  such  manner  as  to  be  removed  without  the 
lue  of  a  wrench,  and  the  attachment  of  rear  to  the  front  carriage  by  means  of  a 
lunette  and  pintle,  be  the  same  as  at  present,  except  that  the  pintle  project  beyond  the 
limber-chest. 

That  the  front  of  the  limber-chest  be  provided  with  a  painted  canvas  boot,  to  cover 
the  knapsacks  carried  on  the  foot-boards. 

The  boot  to  be  fastened  at  the  top  by  means  of  eyelets  and  a  half-inch  strap  running 
through  staples  and  eye-pin  riveted  to  the  chest,  and  at  the  comer  by  straps  passing 
over  eye-pins,  the  ends  or  all  the  straps  to  be  protected  by  metal.    (See  Plate  I.) 

The  position  of  the  pintle,  the  position  of  the  ammunition -chest  with  reference  to  the 
axle,  and  the  lift  of  the  trail  in  pounds  will  all  more  or  less  determine  the  weights  on 
the  coUars  of  the  wheel  horses,  as  well  as  the«dimensions  of  the  turning  angle. 

These  cannot  be  accurately  determined  by  the  Board  without  experimenting  with 
the  carriage  itself,  and  it  is  thought  that  while  it  is  advisiable  to  only  refer  to  these 
matters  in  a  general  way,  it  is  recommended  that  the  pintle  be  not  placed  under  the 
chest  that  the  turning  angle  be  as  large  as  practicable  without  greatly  increasing 
the  length  of  the  piece  limbered,  and  that  the  weight  at  the  end  of  the  pole  when 
the  piece  is  limbered  be  not  more  than  8  pounds  per  horse  unless  absolutely  required 
by  the  other  details  of  construction. 

On  November  15, 1881,  the  preliminary  report  of  the  Board  was  for- 
warded by  the  Chief  of  Ordnance,  U.  S.  A.,  to  the  commanding  officer 
of  this  arsenal,  with  directions  to  report  specifically  his  views  in  regard 
to  the  samples  to  be  made  with  estimate. 

649 
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In  accordance  with  the  iuHtractions,  a  report  was  sabmitted  by  me,  of 
which  the  following  extract  relates  to  the  limber : 

The  body  of  all  field  limbers  can  be  best  made  of  wrought  iron,  T  ^^^  L  i^^^ 
beiDg  combined  in  its  constrnction.  Steel  would  be  unnecessarily  expensive.  The 
reduction  in  size  of  parts  that  could  be  made,  due  to  its  increased  utreugth  over  iron, 
would  not,  it  is  thought,  be  great,  and  steel  of  the  forms  desired  cannot  be  obtaiiud 
in  market. 

Since  the  weight  at  the  end  of  pole  for  horses  when  "  limbered  up**  ia  to  be  madB 
8  pounds,  the  trail  should  have  a  bearing  in  front  of  pintle,  after  manner  of  wooden 
siege  carriages,  to  prevent  limber  from  accidentally  turning  over  to  the  rear  wha 
horses  are  detached.  Such  an  arrangement  is  possible  with  the  construction  tfast 
would  be  used  here. 

Wrought  iron  or  homogeneous  steel  would  be  employed  in  the  limber  chest  i 
better  quality  of  steel  would  be  too  expensive,  and  even  that  .122  inch  thick  cauba 
readily  penetrated  at  short  range  by  a  rifle  bullet. 

Rubber  packing  will  probably  have  to  be  used  to  render  the  chest  or  drawers  water 
tight.  The  objection  to  horizontal  pigeon-holes  for  projectiles  is  the  difficulty  of 
reaching  those  behind  the  front  row.  This  will  l>e  found  to  exist  with  the  Uagadon 
arrangement  last  proposed.  The  front  frame,  after  being  emptied,  has  to  be  romoTed 
and  deposited  somewhere  before  the  projectiles  in  rear  can  be  reached.  lu  action  thii 
frame  would  probably  be  thrown  on  the  ground  and  liever  be  seen  again. 

.  As  the  pintle  hook  in  the  limber  is  to  project  in  rear  of  the  chest,  there  Tvi  11  be  sodm 
difficulty  in  having  the  back  of  cheat  let  down  properly,  and  it  will  be  very  inooB* 
venient  to  reach  across  it  to  the  rear  row  of  projectiles. 

As  the  chest  is  divided  into  two  parts,  it  is  proposed  to  make  the  back  in  two  pieeei, 
each  hinged  at  its  upper  edge  so  as  to  open  back  on  to  top  of  chest,  thus  exposing 
only  half  the  contents  at  one  time. 

The  limber  and  chest  for  gun-carriage,  caisson,  battery  wagon,  and  forge  will  all  bi 
of  the  same  material  and  construction,  for  the  last  two  drawers  will  be  ai*ed  for  tbe 
tools  and  small  stores,  and  for  this  a  back  in  two  pieces  will  also  be  found  advan- 
tageous. 

The  action  of  the  Chief  of  Ordnance  on  these  recommendations  was 
thati^ 

(1)  Iron  should  be  used  for  the  body  of  the  limbers. 

(2)  The  trail  of  the  gnn-carriage  shoald  have  a  bearing  in  front  of  the 
pintle. 

(3)  Steel  should  be  employed  in  the  limber  chests. 

(4)  My  discretion  to  be  used  in  the  arrangement  of  the  interior  and 
the  lid  of  the  chest,  but  that  one  chest  should  be  fitted  up  on  the  Haga- 
dom  plan,  and  that  the  top  of  pintle  should  not  be  made  to  project  above 
the  bottom  of  the  chest  the  back  of  chest  could  be  let  down  to  rest  on 
pintle. 

LIMBEK  BODY. 
(Plate  I.) 

The  principal  parts  are: 

1  axle,  steel,  3  by  2J  inches. 

2  hounds,  iron,  angle,  2^  by  2^  inches  by  J  inch. 

1  fork,  iron,  of  2  "f  bars,  2^  by  2 J  inches  by  ^'^  inch. 

1  spliuter-bar,  iron,  angle,  2^  by  2J  jnches  by  |  inch. 

2  foot-plates,  steel,  -^  iuch  thidk. 

1  pintle  hook,  iron,  with  eye  for  rear  prop. 

2  props,  iron,  1-inch  gas  i>ipe. 
2  axle-straps,  iron,  for  hounds. 
1  axle-strap,  iron,  for  fork. 

1  fork-strap,  iron,  with  eye  for  pole  prop. 

2  corner-irons,  iron. 

1  pintle-key  and  chain,  iron. 

2  braces,  low  steel. 

4  foot-plate  brackets,  iron. 
1  pole,  wood. 
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1  pole  key,  iron. 

1  pole-key  clasp,  steel. 

2  clasps  for  props,  steel. 
2  siDgle-trees,  wood. 

2  draught-hookSp  iron. 
2  wheels,  ''Archibald.'' 
2  linch-washers. 
2  linch-pins  and  clasps. 

2  staples,  iron,  riveted  to  hounds,  to  receive  stays  of  ammunition 
chest. 

2  bolts,  low  steel,  for  pintle-hook. 

6  bolts,  low  steel,  for  axle-straps. 

2  bolts,  low  steel,  for  securing  chest  to  hounds. 

Kivets,  iron. 

CONSTRUCTION. 

The  axle  is  attached  to  the  hounds  and  fork  by  bolts,  through  the 
axle-straps. 

The  splinter-bar  and  the  footplates  are  united  to  the  hounds  and 
fork  by  rivets  and  by  the  fork-strap  and  corner-irons.  The  draught- 
hooks  are  riveted  in  the  corner-irons. 

The  pintle-hook  and  the  braces  are  attached  by  bolts. 

The  clasps  are  connected  by  rivets.  A  piece  of  sheet  metal  riveted 
to  the  splinter-bar  and  the  front  foot-plate  forms  a  receptacle  for  cans 
of  axle  grease. 

The  canvas  boot  in  front  of  the  ammunition  chest  is  secured  to  the 
limber  body  by  four  straps  passing  through  slots  along  the  rear  of  the 
front  foot*plate ;  and  is  attached  to  the  chest  in  front  by  6  hooks,  and 
at  each  end  by  2  buttons. 

The  ammunition  chest  being  so  placed  as  to  diminish  the  weight  at  the 
end  of  the  pole,  a  rear  prop  appeared  advisable  fo»  use  with  chests  oi>en- 
ing  in  rear. 

In  the  first  limber  made,  angle  iron  was  employed  instead  of  T  ^^^^ 
for  the  fork,  but  as  the  latter  was  found  to  furnish  a  better  attachment 
for  the  pintle-hook,  it  was  used  in  the  field  limbers  made  subsequently. 

As  all  the  chests  were  not  of  the  same  dimensions,  the  length  and 
width  of  the  limber  frames  were  varied  correspondingly. 

WEIGHT. 

The  limber  body,  with  its  wheels  and  pole,  weighs  805  pounds. 

AMMUNITION  OQESTS. 

In  determining  the  construction  to  be  adopted  in  the  ammunition 
chests,  the  first  point  to  be  decided  was  the  thickness  of  metal  to  be 
used. 

After  such  limited  experiments  as  could  be  made  at  this  arsenal,  by 
firing  the  500  grains  bullet  at  plates  of  different  grades  ot  steel  and  of 
different  thickness  at  distances  varying  from  300  to  1,200  feet,  and  after 
corresponding  upon  the  subject  with  GeneralJ.C.Tidball,  P.  S.  Artillery, 
who  had,  been  the  president  of  the  Light  Artillery  Board  of  1881,  0.12 
inch  was  fixed  upon  as  the  thickness  of  steel  for  the  chest.  This,  it  was 
found,  would  otfer  sufficient  resistance  at  500  yards,  the  limit  suggested 
by  General  Tidbail,  would  make  a  strong,  stiff  chest,  and  one  of  not 
unreasonable  weight. 
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Bessemer  sheet  steel  made  by  the  Albany  and  Rensselaer  Iron  and 
Steel  Company,  of  Troy,  and  graded  by  them  as  XXG,  or  gan-metal, 
containing  25  carbon,  was  believed  to  be  well  suited  to  the  purpiwe. 
The  thickness  to  be  used  for  the  different  parts  was  as  follows,  viz: 
Bottom,  sides,  and  ends,  0.12  inch;  top,  0.109  inch;  exterior  angle-iroiifl 
and  bands,  0.109  inch;  interior  angle-irons,  0.083  inch;  principal piu^ 
titions,  0.109  inch. 

GENERAL  CONSTRUCTION. 

As  the  chests,  like  all  the  metal  carriages  that  were  being  made, 
were  purely  experimental,  it  was  desirable  that  different  methods  of 
packing  the  ammunition  should  be  tried.  The  general  dimensions  of 
each  chest  had,  therefore,  to  be  arranged  to  suit  the  method  to  be  em- 
ployed in  it. 

The  first  order  for  fabrication  contemplated  three  chests  only— one 
for  use  with  a  caisson,  one  for  a  battery  wagon,  and  one  for  a  forge; 
and  as  the  first  had  to  be  fitted  aft'Cr  the  method  proposed  by  Mr.  F.  L 
Hagadorn,  these  three  chests  were  made  of  the  same  size  and  pattern, 
opening  to  the  rear,  the  side  being  hinged  at  the  bottom  and  torning 
down. 

When,  later,  instructions  were  given  to  fabricate  six  additional  lim- 
bers for  use  with  carriages  for  3.20-inch  wrought-iron "  B.  L.  rifles, 
other  methods  of  packing  the  ammunition  were  devised  at  this  arsenai 
and  used  in  the  chests. 

In  some  of  the  first  chests  the  bottom  and  ends  were  made  in  one 
piece;  but  as  the  fitting  of  the  plates  was  found  very  troublesome,  each 
side  in  the  subsequent  chests  was  a  single  piece. 

For  all  the  chests  homogeneous  steel,  from  Park  Brother  &  Co.,  of 
Pittsburgh,  was  used  in  the  top,  as  this  piece  was  bent  double  on  all 
four  sides  to  stiffen  t]ie  projecting  edges,  and  in  the  chests  opening  to 
the  rear  a  flange  also  was  turned  by  which  the  top  was  riveted  to  the 
sides  of  the  chest.  This  metal  was  bent  cold;  the  other  metal  it  was 
found  could  not  be  so  treated  with  safety,  even  when  heated  with  the 
facilities  at  hand. 

In  all  the  chests  rivets  only  were  used  to  unite  the  parts. 

To  render  the  chests  water-tight,  a  packing  box — ^a  narrow  trough  of 
metal — extends  around  the  open  side.  In  this  is  placed  rubber  tubioRf 
against  which  the  lid  closes  and  is  pressed  tightly  by  the  fastenings. 
In  the  chests  opening  on  top  the  packing-box  is  without  on  all  tiie 
sides,  while  in  those  that  open  to  the  rear  the  packing-box  at  the  top 
is  within. 

Several  styles  of  fastening  for  lid  of  chest  were  made,  but  the  best 
was  that  devised  by  Lieut.  W.  B.  Gordon,  Ordnance  Department, 
shown  in  detail  on  Plate  3.  It  operates  by  an  eccentric,  and  was  used 
alone  on  all  the  chests  except  that  of  pattern  ^o.  1,  Plate  2. 

The  lid  of  the  chests  that  open  to  the  rear  is  held,  when  open,  by 
chains  with  snap  hooks.  These  are  necessary,  though  the  hinges  are 
formed  to  prevent  the  lid  falling  below  the  horizontal.  The  chains  can 
be  detached  from  the  lid  and  crossed  and  hooked  in  rear  of  the  cheat 

In  the  seven  chests  made  and  fitted  for  ammunition,  the  method  of 
packing  used  was  as  follows:  1,  that  of  Pattern  No.  1,  Hagadorn 
(Plate  2);  2,  that  of  Pattern  No.  2,  (Plate  3) ;  2,  that  of  Pattern  No.  3 
(Plate  4);  1,  that  of  Pattern  No.  4  (Plate/5);  1,  that  of  Pattern  No. 5 
(Plate  6). 
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Chbst  of  Pattern  No.  1,  Haoadorn's. 

(Plate  II.) 

The  projectiles  in  this  chest  are  carried  in  four  trays,  11  inches  eaeh. 
The  cartridges  are  in  two  drawers  above  the  projectiles,  and  for  the 
friction  primers  is  provided,  in  each  drawer,  a  box  with  a  lid. 

The  trays  are  composed  of  a  piece  of  sheet  metal,  forming  the  bottom 
and  ends;  of  three  curved  pieces,  and  a  head-rest  and  a  tail-rest  that 
support  and  confine  the  projectiles;  of  bronze  castings  that  act  a^  sepa- 
rators to  the  curved  sheets ;  of  tie  rods  and  braces  to  stiffen  the  con- 
struction ;  of  rollers  to  facilitate  moving  the  loaded  trays,  and  of  spring 
catches  by  which  they  are  held  in  place. 

The  head  rest  is  formed  of  two  plates,  confining  rubber  rings  that 
receive  the  forward  ends  of  the  projectiles.    The  tail-rest,  of  metal  or 
wood,  has  a  rubber  strijf  on  its  upper  surface,  on  which  the  lower  tier  . 
of  projectiles  rest. 

When  a  front  tray  hafl  been  emptied,  it  is  withdrawn  and  exchanged 
with  the  full  one  behind  it. 

The  cartridge-drawers  rest  upon  pieces  of  angle-iron.  They  are  of 
copper,  stiffened  on  the  bottom  by  sheet-iron,  bent  to  form  ribs,  and 
riveted  to  the  copper.  Stops  on  the  under  side  of  the  top  of  the  chest 
prevent  the  drawers  from  being  drawn  out  entirely.  One  drawer  has 
two  flat  fixed  handles,  over  recesses ;  the  other  has  two  movable  wire 
handles,  closing  into  depressions.  The  lids  of  the  primer  boxes  are 
controlled  by  springs. 

Chest  of  Pattern  No.  2. 
(Plate  III.) 

The  filling  for  this  chest  was  suggested  by  that  proposed  by  Mr. 
Hagadom  several  years  before  for  the  wooden  ammunition-chest.  One 
half  of  the  chest  is  fitted  with  metal  partitions  for  23  projectiles,  rest- 
ing point  downward  on  rubber  rings ;  the  other  half  contains  cylinders 
of  paper,  in  which  the  projectiles  are  placed,  resting  on  rubber  rings. 

The  metal  partitions  are  riveted  to  a  band  of  sheet  metal,  and  are 
separated  and  stiffened  by  braces  riveted  to  them.  The  partitions  are 
stiffened  in  themselves  by  being  wired  along  their  upper  edge. 

The  paper  cylinders  are  united  by  rivets  and  bolts,  and  have  no  band 
between  them  and  the  chest. 

A  compartment  in  the  center  of  the  chest,  between  the  projectile- 
holders,  contains  some  of  the  cartridges,  and  the  remainder  are  stored 
in  three  trays,  which,  supported  above  the  projectiles  by  pieces  of  wood 
and  metal  at  the  front  and  rear  of  the  box,  can  be  moved  sideways  and 
allow  the  projectiles  to  be  reached  without  the  trays  being  removed. 
The  space  toward  the  center  between  two  trays  carries  the  equipments 
for  the  gun. 

The  metal  parts  of  the  filling  and  the  trays  are  of  galvanized  iron, 
which  is  also  used  for  the  same  purpose  in  all  the  chests. 

On  the  rear  of  the  chest  (front  when  on  the  limber)  are  sockets  and 
spring  c1a«ps  for  two  felling-axes  and  for  two  watering-buckets:  the 
bails  of  the  latter,  passing  up  between  the  chest  and  the  foot-boara,  are 
hooked  to  the  chest.    This  is  the  same  for  all  the  chests  except  No.  1. 

On  all  the  chests,  except  ITo.  1  and  one  of  Pattern  No.  2,  the  lower 
^nd  of  the  front  branch  of  each  handle  (see  Plate  IV)  is  turned  into  a 
hook  for  carrying  the  prolonge;  the  rope  is  passed  back  and  forth  over 
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the  hooks  and  under  the  chest  and  hounds  in  rear  of  the  axle,  and  the 
loose  end,  if  not  reaching  a  hook,  is  lashed  where  it  may  come  to  the 
rope. 

Chest  of  Pattern  No.  3. 

(P|ate  IV.) 

The  filling  of  this  chest  is  a  modification  of  that  of  Hagadorn's  m 
Pattern  No.  1. 

The  projectiles  are  horizontal  in  the  trays  instead  of  beiug  inclined. 
The  rear  tra,vs  are  bolted  in  the  chest,  the  front  ones  only  being  mov- 
able. These,  when  emptied,  are  withdrawn  and  kept  on  the  open  lid  or 
on  the  top  of  the  chest  while  the  projectiles  in  the  rear  trays  are  being 
removed. 

« 

Two  trays  are  entirely  of  metal,  the  other  two  of  paper  cylindera 
within  a  metal  band.  The  front  trays  have  metal  backs  to  support  the 
rubber  rings.  Kods  across  the  open  spaces  at  the  ends  of  the  trayi 
serve  as  handles.  No  rollers  or  catches  are  used,  and  the  vertical  motioa 
of  a  tray  is  prevented  by  rubber  washers  riveted  on  top. 

Two  compartments  above  the  projectiles  contain  the  cartridges  and 
equipments.  The  front  of  these  spaces  is  not  entirely  closed,  but  one- 
half  of  each  front  is  hinged.  When  closed  it  is  retained  by  a  spring- 
catch  at  each  end. 

The  trays  contain  the  same  number  of  projectiles  and  are  much  simpler 
and  less  expensive  than  Hagadorn's.  They  are  similar  to  the  holders  in 
chest  of  Pattern  No.  2. 

Chest  op  Pattern  No.  4. 
(Plat6  V.) 

The  projectile-holders  in  this  chest  were  suggested  by  some  used  bj 
the  Italian  artillery. 

Each  half  of  the  chest  is  divided  by  vertical  partitions  into  four  com- 
partments of  one  size,  and  a  fifth  larger;  in  each  of  the  first  four  is 
placed  a  sliding  holder,  which  contains  five  projectiles,  separated  at 
two  points  by  semicircular  bands  of  iron,  and  resting,  point  downward, 
on  rubber  rings.  A  dropping  handle  is  attached  to  the  front  of  each 
holder. 

The  two  compartments  adjacent  to  the  center  partition  are  provided 
each  with  a  copper  box,  with  lid,  for  friction  primers.  These  spaces 
carry  also  the  equipments  for  the  gun. 

The  cartridges  are  packed  in  two  compartments  above  the  projeo 
tiles;  a  portion  of  the  front  of  each  is  hinged  and  has  two  dropping 
handles ;  when  closed  these  plates  are  held  by  spring  catches  at  the 
ends;  the  hinges  are  formed  to  prevent  the  fronts  falling  much  below 
the  horizontal,  so  that  they  are  closed  by  the  lid  of  the  chest  when  it 
is  raised. 

Chest  of  Pattern  No.  5, 

(Plate  VI.) 

The  left  half  of  this  chest  and  the  compartments  for  cartridges  are 
identical  with  pattern  No.  4;  the  filling  in  the  right  half  was  designed 
by  Lieutenant  Gordon,  Ordnance  Department. 

In  this  last  method  the  first  tier  of  pnijectiles  is  placed  upon  strips 
on  the  bottom  of  the  chest,  six  in  the  rear  row,  base  to  the  rear,  and 
five  in  the  front  row,  base  to  the  front    The  bolts  in  the  projectiles  of 
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the  rear  row  enter  holes  in  a  fixed  plate,  the  bolts  in  those  of  the  front 
row  enter  hole«  in  a  movable  binding-plate,  and  the  points  of  the  pro- 
jectiles of  both  rows  enter  holes  lined  with  rubber  in  a  second  movable 
binding- plate.  These  plates  are  hinged  to  the  bottom  of  the  chest,  and 
when  raised  press  firmly  against  the  projectiles,  and  are  held  by  spring 
catches,  the  levers  of  which  extend  to  the  front  of  the  chest  (rear,  the 
chest  being  on  the  limber). 

The  second  tier  of  projectiles,  arranged  in  all  respects  similar  to  the 
first,  is  supported  on  a  shelf  riveted  to  the  chest. 

Above  each  tier  is  a  space  proposed  to  be  utilized  for  the  equipment. 

This  filling  is  very  expensive,  and  was  notfound  so  satisfactory  as  had 
been  hoped;  therefore  it  was  introduced  in  only  one-half  of  one  chest. 
It  stores  the  projectiles  more  compactly  than  any  of  the  other  methods, 
but  in  many  respects  is  objectionable. 

CAPACITY   OF  CHESTS. 

Pattern  No.  1 .*. T 44 

Pattern  No.  2 46 

Pattern  No.  3 44 

Pattern  No.  4 40 

Pattern  No.  5 : 

Right  half 22 

Left  half 20 

WEIGHTS   OF   CHESTS,  WITH  FILLING. 

Foonda. 

No.  1 330* 

No.  2 292 

No.  3 315 

No.  4 347 

No.  5 351 

Either  chest  without  filling  weighs  about  218  pounds. 

DISPOSITION  MADE  OF  LIMBERS. 

One  limber  with  chest  No.  1  and  one  limber  with  chest  No.  2  issued 
to  Light  Battery  F,  Fifth  United  States  Artillery,  Fort  Hamilton,  New 
York  Harbor;  one  limber  with  chest  No.  2  and  one  limber  with  chest 
No.  4  sent  to  Benicia  Arsenal,  California,  for  use  of  Light  Battery  K, 
First  United  States  Artillery ;  one  limber  with  chest  No.  3  sent  to 
United  States  Military  Academy,  West  Point,  N.  Y.;  one  limber  with 
chest  No.  3  sent  to  United  States  Artillery  School,  Fort  Monroe,  Va. 

Chest  No.  5  was  issued  on  limber  of  caisson  to  Light  Battery  F,  Fifth 
United  States  Artillery,  Fort  Hamilton,  New  York  Harbor. 

COST. 

Each  limber  and  cheat,  complete,  with  filling,  cost  about  $650 ;  but  as 
they  were  entirely  experimental,  and  as  the  work  was  commenced  with- 
out perfected  drawings  or  designs,  much  expense  was  incurred  in  ex- 
perimenting and  in  alterations,  in  learning  the  workmen,  and  in  tools; 
therefore  the  figures  given  are  much  above  what  such  constructions 
would  cost  when  made  by  the  quantity  after  the  pattern  may  have  been 
fully  determined. 

A.  MORDECAT, 
Lieutenant- Colonel  of  Ordnance,  Commanding. 

Watbevliet  Arsenal,  New  York,  1S85. 
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REPORT  OF  THE   CONSTRUCTION  OF  A    FIELD  CARRIAGE  FOR  'S.2-1NCH 
STEEL  BREECH-LOADING  RIFLE,  AT  WATERVLIET  ARSENAL. 

m 

(1  plate.) 

Wateevliet  Arsenal,  N.  Y. 

In  March,  1884,  the  commanding  officer  of  this  arsenal  was  directed 
Id  fabricate  a  metal  carriage  for  the3.2inch  steel  rifle  then  in  course  of 
X)n8truction  at  the  Watertown  Arsenal. 

The  carriage  made  for  the  3.2  inch  wrought-iron  B.  L.  rifle  described 
In  the  report  of  the  Chief  of  Ordnance,  U.  S.  Army,  for  1884,  Appen- 
lix  34,  wa«  taken  as  the  model,  and  such  modifications  adopted  as  were 
lemanded  by  the  differences  in  the  gun  to  be  used. 

As  the  steel  rifle  was  to  have  the  French  breech  closure,  instead  of 
ibe  German  one  used  in  the  3.2  inch  converted  rifles,  the  elevating  ap- 
paratus had  to  be  remodeled,  that  it  could  in  no  way  interfere  with  the 
ipening  of  the  breech.  This  was  accomplished  by  removing  the  haud- 
rheel  and  axle  that  operated  the  elevating  screw,  and  substituting  a 
irank,  shaft,  pinion,  and  small  gear,  so  that  the  power  would  be  applied 
^t  the  right  side  of  the  stock. 

A  wooden  handspike  and  socket  were  substituted  for  the  iron  hand- 
pike,  and  the  axle  plates  were  reduced  one-sixteenth  inch  in  thicknei^, 
18  proposed  by  the  Ordnance  Board  (Eeport  of  Chief  of  Ordnance  for 
883,  page  315). 

In  the  original  construction  the  steel  cheeks  were  not  changed. 

All  the  parts  that  diifered  from  those  of  the  model  carriage  aie  shown 
D  detail  in  the  plate. 

The  carriage  was  completed  in  the  month  of  June,  and  sent  to  the 
landy  Hook  proving  ground.  Sixty  rounds  were  fired  from  it  by  the 
)rdnance  Board,  and  some  additional  rounds  by  the  ^' Board  for  Test- 
Dg  Kifled  Cannon,"  &c. 

On  October  1  the  Ordnance  Boanl  reported  that  the  carriage  had 
[iven  way  so  far  as  to  render  repairs  necessary  before  further  firing 
ould  be  made. 

The  commanding  officer  of  this  arsenal  was  then  directed  to  proceed 
0  Sandy  Hook  and  confer  with  the  Ordnance  Board  in  regard  to  what 
Iterations  would  be  most  advisable.  It  was  decided  that  the  principal 
thange  should  be-  in  the  substitution  of  longer  cast-steel  cheeks  for 
hose  in  the  carriage. 

The  injury  was  in  rear  of  the  cheeks,  the  trail  and  cheek  plates  having 
)tlckled  and  bent  outward  to  such  an  extent  as  to  render  the  carriage 
inserviceable. 

The  carriage  having  been  returned  to  this  arsenal,  cheeks  of  cast  steel 
shown  in  plate,  obtained  from  I.  G.  Johnson  &  Co.,  Souvten  Duvvil  v' 
4625  OED 4*> 
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Y.,  were  introduced,  and  some  minor  repairs  made.  The  left  joamal 
box  of  elevating  nnt  had  to  be  cat  in  two  before  it  coald  be  placed  in 
position. 

Again  on  Apiil  11  the  Ordnance  Board  reported  ^'  that  the  steel  field 
carriage  received  back  from  Watervliet  Arsenal,  repaired  and  modified, 
has  broken  down  after  enduring  139  rounds.'^ 

Fnicture  of  the  lower  angle  irons  through  rivet  holes  and  hackling 
of  the  trail  in  rear  of  the  cheeks  had  taken  place,  showing  weakness  in 
construction. 

The  large  charges  nsed  with  so  light  a  gun  caused  strains  beyond  what 
the  structure  could  stand.  , 

The  broken  carriage  has  been  sent  from  here  to  the  Kational  Armory,] 
that  such  parts  as  may  be  suitable  can  be  used  in  a  carriage  of  differenlj 
construction  being  fabricated  at  that  place. 

A.  MORDEOAI, 
Lieutenant- Colonel  of  Ordnance^  Commafiding, 
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Appendix    58. 


REPORT  OF  THE  CONSTRUCTION  OF  A  CAISSON  AND  A  BATTERY  WAGON 
OF  METAL  FOR  FIELD  SERVICE,  AND  OF  A  WAGON  FOR  AMMUNITION 
COLUMNS,  AT  WATERVLIET  ARSENAL. 

(5  plates.) 

Watbbvliet  Absenal. 

The  caissou  and  battery  wagon  of  metal,  and  the  wagon  for  artillery 
ammanitioD,  fabricated  at  this  arsenal,  were  proposed  by  the  Board  of 
Light  Artillery  Officers  convened  by  virtue  of  General  Orders  No.  39, 
Headquarters  of  the  Army,  A.  G.  O.,  Washington,  April  28, 1881.  All 
the  details  were  worked  up  at  this  arsenal. 

The  views  of  the  Board  a«  regards  these  carriages,  and  also  in  refer- 
ence to  a  field  forge,  are  shown  in  the  following  extract  from  its  pro- 
ceedings : 

THE  CAISSON. 

The  limber  of  the  caisson  to  be  similar  to  and  interchangeable  with  that  of  the 
piece. 

The  frame  of  the  caisson  body  to  be  of  iron  or  steel,  and  have  a  single  steel  chest 
capable  of  carrying  for  the  3.2C-inch  gun  abont  80  rounds  of  ammnuition.  The  lid  of 
the  chest  to  be  movable,  instead  of  the  back,  and  the  proiectiles  to  be  placed  on  end^ 
and  the  catridges  to  be  carried  in  8  trays  placed  over  the  projectiles.  In  this  con- 
nection attention  is  invited  to  the  Hagadorn  system  of  carrying  ammunition,  now  on 
trial  in  Light  Battery  K,  First  Artillery. 

The  chest  to  be  placed  in  proper  position  for  counterpoise,  leaving  a  small  platform 
in  front  and  rear. 

The  method  and  place  of  carrying  the  spare  wheel  and  pole  to  be  the  same  as  in 
the  present  model,  and  the  caisson  body  to  be  provided  with  a  simple  brake  lever. 

The  board  recommends  that  the  gun  carriage  and  caisson  for  the  heavier  field  gun, 
as  well  as  their  equipment,  be  similar  to  those  for  the  lighter,  with  such  modifications 
as  the  greater  weight  and  dimension  of  the  gun  and  projectile  require. 

THB    BATTKRY  WAGON. 

That  the  wheels  of  the  battery  wagon  be  interchangeable  with  all  other  wheels 
in  the  battery,  and  the  limber  be  similar  to  all  other  limbers ;  and  that  the  chest  only 
differ  in  its  internal  arrangement,  being  provided  with  drawers  for  the  safe  and 
convenient  carriage  of  tools  and  stores. 

That  the  frame  of  the  battery  wagon  be  the  same  as  that  of  the  caisson,  except 
that  the  rails  be  longer  to  the  rear.  That  the  box  be  made  of  iron  or  steel,  and  rect- 
angular in  shape,  with  a  sloping  roof,  and  to  have  a  longitudinal  strip  along  the 
roof,  to  which  the  two  sloping  lids  can  be  hinged.  The  box  t-o  be  80  inches  long  and 
40  inches  wide.  20  inches  high  at  the  sides,  and  25  inches  high  at  the  center.  There 
should  be  a  till  12  inches  wide  across  the  front  end  of  the  box;  the  bottom  of  the  till 
12  inches  above  the  bottom  of  the  box,  and  the  sides  of  the  till  to  be  carried  up  to  the 
roof.  There  should  be  a  longitudinal  partition  dividing  the  box,  but  not  the  till,  into 
two  halves. 

The  outside  of  the  box  to  have  six  1^-inch  rings  on  each  side  and  three  on  each  end* 
The  rings  to  be  of  three-eighths  iron  and  to  be  wtened  about  3  inches  below  the  top 
of  the  sides  and  ends,  as  shown  in  plates  2  and  3. 

658 
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WAGON  FOR  AMMUNITION  COLUMNS. 

The  Board  is  of  opinion  that  a  wagon  of  easy  draft  and  good  capacity  shoald  be 
devised  for  the  transport  of  spare  ammunition. 

It  should  have  a  wooden  iustead  of  a  canvas  cover  and  should  carry  two  spATS 
wheels  for  field-artillery  carriages. 

THE  FOROE. 

That  the  wheels  of  the  furge  be  interchangeable  with  all  other  wheels  in  the  bat- 
tery, and  that  the  limber  be  similar  to  all  other  limbers,  and  that  the  ch<»t  o&lj 
differ  in  its  internal  arrangement,  being  provided  with  drawers  for  the  safe  and  cod- 
yenient  carriage  of  tools  and  stores. 

That  the  forge  body  be  made  of  iron  or  steel,  to  have  a  rotary  fan,  and  generally  to 
be  of  the  form  and  arrangement  suggested  by  Col.  T.  T.  S.  Laidley,  Ordnance  Depart- 
mant,  in  Ordnance  Note  No.  69,  of  ii^7. 

The  Board  recommends  below  what  the  contents  of  the  forge  and  battery  wafj^Dn 
should  be,  and  omits  the  details  for  their  stowage  and  arrangement,  which,  tof^ether 
with  the  strength  and  dimensions  of  the  parts  of  the  carriages,  they  believe  can  best 
be  determined  by  the  constructors. 

It  is  recommended,  however,  that  both  the  battery  wagon  and  forge  be  provided 
with  a  simplH  lever  brake,  as  suggested  for  the  caisson,  and  that  all  carriagei)  be  fhr- 
nished  with  pole  props  and  painted  a  light  green  olive  color,  trimmed  with  black.  The 
poles  single-trees,  and  the  handles  of  all  tools  and  implements  to  be  oiled  and  left  the 
natural  color  of  the  wood. 

That  part  of  the  )>oIe  which  comes  into  contact  with  the  leg-guard  of  the  wheel 
driver  to  be  protected  from  wear  by  copper  or  other  material. 

EQUIPMENT  OF  CARRIAGES. 

The  gun,  1  breech  and  vent  cover,  1  tompion. 

GUN  CARRIAGE. 

The  tools,  implements,  and  equipments  required  for  the  mechanism  and  service  of 
the  gun. 

LIMBER  OF  PIECE. 

One.paulin,  19  by  15  feet ;  1  prolonge,  to  be  wound  on  hooks  placed  in  rear  of  axle,  the 
plane  through  the  hooks  to  l>e  horizontal ;  1  grease  box,  to  hold  \^  pounds,  to  be  placed 
under  the  limber;  3  watering  buckets,  to  be  of  leather,  copper  riveted,  and  hung  by 
means  of  snap  hooks  under  the  foot-boards  and  as  high  from  the  ground  as  possible  ; 
2  axes,  felling. 

LIMBER  OF   CAISSON. 

One  paulin,  1*2  by  I5f  let ;  1  3-iuch  rope,  50  feet  iu  length,  with  6-inch  loops  at  both 
ends,  to  be  carried  as  prescribed  for  the  prolonge ;  one  8-onnce  graduated  pow^der 
measure ;  3  water  buckets,  to  be  carried  as  prescribed  for  limber  of  piece ;  1  grease  box, 
as  per  piece  limber;  2  axes,  felling. 

CAISSON  BODY. 

1  spare  wheel,  1  spare  pole,  3  shovels, 

4  spades,  *  1  mattock.  1  pick, 

1  single-tree,  1  wheel  trace,  1  lead  trace. 

The  limbers  of  the  battery  wagon  and  forge  to  be  ec^uipped  as  prescribed  for  the 
limbers  of  the  caissons,  except  that  forge  will  have  an  iron  forge  bucket. 

The  bodies  of  these  carriages  to  be  provided  with  1  mattock  and  1  spade. 

That  the  cartridge  pouch  be  as  at  present  prescribed,  but  to  have  the  followinj^ 
dimensions,  viz:  12  inches  high  and  12  inches  wide. 

That  the  lanyard  be  of  strtmg  cod  lino,  two-tenths  inch  in  diameter  and  60  inches 
in  length,  with  a  hook  at  one  end  and  a  stirrup-shaped  leather  handle  at  the  other, 
with  knot  and  sliding  cylinder,  as  shown  in  plate  5. 

The  Board  recommends  that  the  jwrtable  harness  rack  proposed  by  Capt.  H.  C. 
Gushing  be  adopted  and  carried,  and  that  it  be  manufactured  and  issued  for  trial. 
(See  plate  4,  and  for  description  appendix  marked  A.) 

That  one  Stevens  combination  rule  be  carried  with  each  piece. 
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TOOLS  AKD  STORES  TO  BE  CARRIED  IN  FORGE. 

BlackemiWs  tools, 

1  'anvil,  100  pounds. 
1  anvil-block. 
4  aprons,  smith's. 
1  brush,  horse-tail. 

1  bucket  for^. 

2  boxes  shoeing,  leather. 

1  calipers,  smitVs. 

2  chisels  for  hot  iron,  handled,  assorted. 
2  chisels  for  cold  iron,  handled,  assorted. 

2  chisels,  cold  hand. 
1  compass,  common. 

1  oil  dropper,  pint,  brass. 

•4  dies  and  taps  )  ^^  suitable  for  new  iron  caftiage. 

1  die-stock  tor  above  J  •    ° 

6  drills,  assorted,  for  brace,  hand. 
12  files,  smith's,  assorted. 

3  file-handles,  patent. 
1  fuller,  handled. 

1  hammer,  band,  handled. 

1  hammer,  riveting,  handled.  • 

4  hammers,  shoeing,  handled. 

1  hammer,  sledge,  handled,  9-pound8,  steel  faced. 

2  hardies. 

12  shoeing-knives. 
1  oil-stone,  2  pounds. 

3  pincers,  shoeing. 
1  pincers,  small. 

1  poker. 

1  pritchel,  or  clinching-iron. 
1  punch,  round,  hand. 
1  punch,  square,  hand. 
1  punch,  fore,  hand. 
1  punch,  round,  handled. 
1  punch,  square,  handled. 
1  punch,  center,  hand. 
1  punch,  nail,  hand. 
12  rasps,  shoeing,  16-inch. 
1  screw -driver,  hand. 
1  shovel,  coal. 
1  shovel,  smith's. 

8  wedges,  bottom  and  top,  1  set  each. 
1  split  broom. 

1  square,  steel. 
3  tongs,  smiths'. 

2  vises,  hand,  small  and  large. 
1  vise,  on  forge. 

1  wrench,  monkey,  patent. 
1  wrench,  tap. 

^0  pounds  coal,  bituminous. 

'  2  chains,  Nos.l  and«2 feet. 

250  caulks,  horse  shoe. 
500  horseshoes.  Burden. 
1  oil,  sperm,  quart  can. 
80  nails,  Globe,  pounds,  Nos.  7, 8,  and  9. 

Nuts  and  bolts  and  washers;  assorted  and  adapted  to  the  carnages. 
25  iron,  bar,  flat,  assorted,  pounds. 
25  iron,  round,  assorted,  pounds. 
25  iron,  bar,  square,  assorted,  pounds. 
50  links,  cold,  shut,  Nos.  3  and  5. 
6  linchpins  and  washers. 
5  steel,  blister,  pounds. 
5  steel,  cast,  pounds. 
25  books  r double  S),  Nos.  1  and  2. 
10  tire-bolts. 
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SaddUr'B  tools. 
2  aprons,  saddler's. 
1  awl,  strap. 
12  awls  and  bandies,  assorted. 

1  clamp,  stitching ;  to  be  coj^structed  to  take  apart  for  packing. 
1  claw  tool. 
1  compass,  common. 

1  creaser,  lignnm-vitfle. 

2  edge  tools,  Nos.  1  and  2. 
1  gauge,  draw. 

1  hammer,  saddler's. 

1  knife,  channel.. 

1  knife,  splitting,  6-iucb. 

1  knife,  half-round. 

2  knives,  shoe. 

I  mallet,  half-round,  band. 
100  needles,  assorted.  ^ 

5  needles,  collar.  • 

24  needles,  sail. 
1  nippers,  cutting. 
1  oil-stone. 
1  palm,  sailor's. 
1  pincers,  pair. 
1  pliers,  pair. 

1  pricking  carriage  and  3  wheels,  Nos.  8, 10,  and  12. 
1  pnncb,  band. 
1  punch,  spring,  reTolviug. 
1  rivet,  set. 
1  rule,  2-foot. 

1  sandstone. 

2  scissofH,  pairs. 

1  screw-driver,  3-inob. 

1  shears,  pair,  6-inch  blade. 

4  thimbles. 

Stores, 
1    beeswax,  pound. 
1    blackwax,  pound. 

1  bolts,  halter,  dozen. 

2  bristles,  ounces. 

2  buckles,  dozen,  iron-roller,  assorted. 

2  buckles,  Carnes's  patent,  dozen,  assorted. 

1  buckles,  bar,  dozen,  assorted. 

1  buckles,  girth,  dozen. 

2  leather,  bridle,  sides. 

75    leather,  harness,  pounds. 

2  rings,  dozen. 

3  rivets  and  burs,  copper,  assorted,  pounds. 

2  staoles,  dozen. 

3  tacks,  iron,  papers  of. 

2  tacks,  copper,  papers  of. 

2i  thread,  patent,  shoe,  pounds. 

3  thread,  shoe,  pounds. 

Note  2. — That  in  addition  to  above  tools  and  stores  the  Board  reqnest  that  the 
Ordnance  Department  add  such  other  toola  and  stores  as  may  be  required  for  the  re- 
pair of  the  iron  carriage  furnished. 

Note  3. — The  nizes  of  horseshoes  required  should  be  designated  in  the  requisition, 
but  in  cases  when  this  is  not  done  the  following  should  t>e  the  proportion :  40  per 
oent.  of  No.  3, 55  per  cent,  of  No.  4,  and  5  per  cent,  of  No.  5. 

TOOLS  AND  STORES 'TO  BE  CARRIED  IN  THE  BATTBRT  WAGON. 

Wheelwright  and  oarriagemaker's  tools, 

4  augers,  with  patent  handles,  f ,  1,  li,  and  2  inch. 

1  auger,  tenon,  adapted  to  the  mortise  of  the  wheels. 
12  awls,  brad,  assorted. 

2  awl-handles,  patent,  for  above. 
1  awl,  scratch. 

1  axe,  broad  C bandied). 
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1  bevel-Bquare. 
1  50-foot  tape  measure. 
1  brace,  hand,  metal,  patent. 
S4  bits  for  brace,  band,  assorted. 

3  brace  extensions  for  above,  6,  12,  and  15  inch. 

1  chalk-line  on  spool. 

2  chalk,  pounds. 

4  chisels,  handled,  firmer,  f,  1, 1^,  and  1^  inch. 

5  ohisols,  handled,  framing,  i,  f ,  1,  1^,  and  2  inch. 
1  compass,  spring. 

1  drawing  knife. 

12  files,  band-saw,  44-inch. 

2  files,  wood,  flat,  10-lnch. 

2  files,  wood,  half-ronnd,  10-inch. 

2  files  for  cross-cut  saws. 
1  gangs,, carpenter. 

6  gimlets,  assorted. 

3  gouges,  firmer,  handled,  f,  1,  and  1^  inch. 
^  gouges,  framing,  handled,  1  and  1^  inch. 
1  grindstone,  14  by  4  inches. 

Arbor,  crank,  and  stand  for  grindstones ;  the  frame  to  be  m^e  so  as  to  take  apart 
and  pack  flat. 
1  hammer,  claw,  handled. 
1  hatchet,  claw,  handled. 
1  mallet,  carpenter. 
1  oil-stone,  1^ -pound. 
1  oil-drupper,  4)int,  brass. 
1  pincers,  small. 

1  plane,  fore,  2i-iQch,  double  irons. 
1  plane,  jack,  24-inch,  double  irons. 

1  plane,  smoothing. 

2  plane-irons,  24-inch. 

1  rule,  2-foot,  four-fold. 

1  rasp,  wood. 

1  saw-frame,  complete. 

6  saw-frame  blades,  assorted. 

1  saw,  baud,  cross-cut,  26-inoh. 

1  saw,  tenon,  14-inch. 

1  saw,  cross-cut,  handled,  5-incb. 

1  saw  set,  patent. 

2  screw-drivers,  6  and  12  inch. 
1  screw-driver  for  brace  hand. 
1  square,  trying,  T^Qch. 

1  spoke-shave. 

3  screws,  gross,  assorted. 

1  vice  bench,  wood,  complete  (iron  screw). 

MISCELLANEOUS  STORES. 

6  gas-checks  for  gun. 

6  lanyards. 

6  lanterns,  hurricane,  kerosene. 

5  oil,  kerosene,  gallons. 
75  grease,  wheel,  pounds. 

25  nails,  4,  6,  8,  10,  p.  pound. 

6  spokes. 

1  lifting-jack  (lights). 

2  reaping  hooks. 
6  side  liues. 

2  wheel  traces. 

2  lead  traces. 
20  whips. 

6  collars. 
16  hair  cinches. 

6  bridles. 
12  halters. 
25  hame  straps. 
12  halter  chains. 
20  nose  bags. 

6  sash  cord  pieces. 

5  marline,  pounds. 
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1  elevating  screw. 

1  hames,  pair. 

2  pole  pad9. 

1  leg  guard. 

2  tompioDS. 

2  single-trees. 

1  sight*  telescopic. 

1  sight,  ordinary. 

1  sight,  muzzle. 

1  offometer. 

5  cotton  waste,  pounds. 

1  ordnance  manual. 

5  sets  knives,  forks,  spoons,  meat  ration  cans  and  liaversacks  and  tin  cops. 

1  pole  yoke. 

6  priming  wires. 

3  gunner's  gimlets. 

3  vent  punches. 

4  rammer  heads. 

4  sponge  beads. 
6  sponges. 

6  sponge  covers.     • 
25  curry-combs. 

6  horse  covers,  canvas. 
25  brushes. 
10  spurs  and  straps. 
20  surcingles. 
25  blankets. 

5  paint,  olive,  mixed  iu  oil,  pounds,  to  bo  packed  in  1-pound  ,caus  with  screw  tops. 

2  paint,  black,  pounds. 

2  oil,  linseed,  raw,  gallons. 
i  oil,  linseed,  boiled,  gallons. 

1  turpentine,  spirits  of  gallon. 

6  brushes,  paint,  assorted. 

2  sash  tools,  assorted. 

5  sand  paper,  assorted,  quires. 

3  cloth,  emery,  assorted,  quires. 
5  cloth,  crocus,  quires. 

25  tripoli,  papers. 
2  rotten  stone,  pound. 
2  oil,  sperm,  gallons. 

4  oil,  ueat's-foot,  gallons. 

10  oil,  harness,  Collins,  prepared,  gallons. 
20  soap,  castile,  pounds. 
10  sponge,  pounas. 

2  logwood,  extract,  pounds. 

2  lampblack,  pounds. 
50  grease,  wheel,  pounds,  to  be  issued  iu  2-pouud-cans  with  screw  tops. 

1  gauge  for  fitting  bits  to  horses,  to  consist  of  a  graduated  mouth-piece  and  one 
adjustable  check-piece. 

In  a  report  sabmitted  by  me  in  accordance  with  inHtructious  of  the 
Chief  of  Ordnance,  United  States  Army,  the  following  relates  to  the 
constraction  of  these  carriages : 

CAISSON. 

Wrought  iron  should  be  employed  for  the  caisson  body,  for  the  same 
reason  as  above,  and  homogeneous  steel  might  be  used  for  the  box. 
The  lid  of  chest  should  be  in  two  parts,  hinged  along  middle  line  to  a 
longitudinal  piece ;  this  will  be  possible  since  the  small  platform  de- 
sired in  rear  of  chest  will  remove  the  spare  wheel  from  the  lid  ;  a  brake, 
operated  by  a  screw  with  handle  in  rear,  would  be  attached. 

If  this  chest  is  to  be  arranged  for  the  transportation  of  cannoneers, 
since  the  half  lids  must  slope  outward,  a  seat  resting  on  iron  brackets 
would  be  placed  at  each  end  of  each  half  lid,  and  there  could  also  be  in 
front  a  screw  or  lever  to  operate  the  brake. 
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The  projectiles  will  be  placed  upou  end,  separated  by  partitions  of 
galvanized  iron,  the  cartridges  in  copper  trays  to  slide  over  the  parti- 
tions, exposing  the  projectiles. 

BATTERY  WAGON. 

The  frame  to  be  of  wrought  iron,  and  the  box  of  sheet-iron  or  homo- 
geneous steel,  stiffened  by  pieces  of  channel  iron ;  sliding  trays  of  metal 
or  wood,  with  cover,  will  be  used  for  tools  and  small  stores. 

FORGE. 

The  frame  and  box  will  be  of  the  same  geneml  construction  as  those 
of  the  battery  wagon.  A  rotary  fan  to  be  used  as  i)roposed  by  Colonel 
Laidley  ;  the  tools  and  stores  to  be  arranged  in  compartments  in  a  man- 
ner that  it  is  thought  will  be  more  simple  and  cheaper  than  in  the 
cavalry  forge,  the  fastenings  to  be  reduced  and  simplified,  and  the  cost 
of  certain  parts  to  be  reduced. 

WAGON  FOR  AMMUNITION. 

As  the  ammunition  in  this  wagon  is  to  be  carried  in  packing  boxes^ 
the  ends  of  wagon  should  be  removable ;  the  two  spare  wheels  called 
for  can  it  is  thought,  be  placed  horizontally  on  frames  resting  on  the 
lid ;  if  desirable,  the  frames  and  lid  can  be  removed  for  loading  the 
wagon. 

GENERAL  CONSTRUCTION  OF  CARRIAGES. 

The  iron  used  in  the  frames  of  the  limber,  caisson,  battery  wagon, 
and  forge  will  be  of  the  same  form  for  similar  parts. 

I  propose  to  employ  H  iron  for  the  stocks,  T  ^^  L  ^or  the  rails,  L 
iron  for  braces  and  cross-pieces,  and  T  or  L  ^^o^  for  splinter  bars. 

For  these  it  is  believed  that  mercantile  forms  can  be  obtained  and 
the  samples  be  constructed ;  should  it  hereafter  be  found  that  steel 
would  be  more  advantageous,  the  forms  necessary  would  have  to  be 
made  specially  for  the  purpose. 

No  complete  plan  for  any  one  carriage  can  be  made  till  the  work  is 
undertaken  and  it  is  seen  what  dimensions  or  shapes  cannot  be  obtained, 
and  what  difficulties  in  working  the  forms  may  be  encountered ;  and 
for  the  same  reason  no  estimate  of  cost  can  be  made  with  any  accuracy ; 
similar  work  done  at  this  arsenal  has  been  taken  as  the  main  guide  in 
preparing  the  estimate  now  submitted. 

Upon  the  preceding  report  the  indorsement  of  the  (3hief  of  Ordnance 
was  to  the  effect  that  the  general  recommendations  as  to  construction 
should  be  carried  out,  care  being  taken  to  so  arrange  the  longitudinal 
joint  in  lid  of  caisson  chest  that  water  could  not  enter. 

In  the  manufacture  of  these  carriages  endeavor  was  made  to  embrace 
all  the  features  and  conditions  desired  by  the  Light  Artillery  Board, 
all  details  of  construction  having  to  be  determined  by  me.  Without 
detailed  plans  and  with  only  such  drawings  as  might  be  prepared  from 
day  to  day,  the  work  progressed  under  many  difficulties,  and  conse- 
quentlj*  very  slowly. 

There  have  been  produced  experimental  carriages,  which,  though 
far  from  perfect,  may  serve  to  lead  the  way  to  better  and  finally  satis- 
factory constructions. 

Later  experience  in  the  manufacture  of  metal  carriages  has  indicated 
how  defects  known  to  exist  in  the  earlier  ones  can  be  remedied. 
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CAISSON. 
(Plates  I,  II,  and  lU.) 

BODY  A1«'D  PRINCIPAL  PARTS. 

1  axle,  steel,  3  by  2^  inches. 

1  stock,  iroD,  chaQnel,  6  by  1.875  inches  by  0.18  inches. 

2  side  rails,  iron,  angle,  3  by  2.5  inches  by  0.3125  inches. 
2  cross-plates,  Bessemer  steel,  ^  inch  thick. 

2  foot-plates,  Bessemer  steel,  J  inch  thick. 
1  lunette,  iron,  forged. 

1  spare  wheel -axle,  steel,  cast. 
1  carriage  hook,  iron,  forged. 

3  axle-straps,  iron. 

1  brake,  composed  of — 
1  lever,  iron, 

1  crank- bar,  low  steel. 

2  lugs,  iron. 

2  cranks,  iron. 

2  connecting  rods,  low  steel. 

1  brake-bar,  compound,  low  steel. 

2  shoes,  iron,  faced  with  leather. 

2  brackets,  iron,  to  support  brake-bar. 

4  corner  irons,  iron. 

1  spare  pole-ring,  iron. 

1  spare  pole  key-plate  and  key,  iron. 

2  wheels,  *'  Archibald." 

6  bolts,  low  steel,  for  axle-straps. 

3  bolts,  low  steel,  for  spare  wheel-axle. 

4  bolts,  low  steel,  for  attaching  chest. 

The  parts  of  the  frame  are  united  in  the  same  manner  as  in  the  lim- 
bers, and  the  axle  is  attached  by  bolts. 

The  brake  is  brought  into  action  by  raising  the  lever.  This  rotates  the 
crank-bar,  which  is  supported  by  the  lugs,  riveted  to  the  axle-straps, 
raises  the  cranks,  and  by  the  connecting-rods,  draws  back  the  brake- 
bar  pressing  the  shoes  against  the  wheels. 

AMMUNITION-CHBST. 

The  caisson  carries  but  one  chest.  The  bottom,  sides,  ends,  and  par- 
tition of  this  are  of  steel  0.12  inch  thick,  whilst  the  lid  is  but  0.109 
inch  thick. 

The  general  construction  and  the  filling  is  the  same  as  in  the  limber- 
chest  of  Pattern  No.  2. 

On  the  right  wide  of  the  chest  is  riveted  a  ratchet-plate  for  the  serv- 
ice of  the  brake-lever. 

The  chest  was  made  on  dimensions  determined  for  a  similar  arrange- 
ment of  the  projectiles,  but  one  which  required  a  greater  area,  there- 
fore spaces  were  left  between  the  holders  and  the  sides  of  the  chest, 
which  were  filled  with  wood. 

The  six  trays  for  cartridges  rest  upon  the  wooden  packing.  In  one 
end  of  one  tray  is  a  compartment  for  friction-primers. 

The  capacity  of  this  chest  is  80  rounds  of  ammunition. 

EQUIPMENT  OF  CAISSON. 

The  spare  parts  and  tools  carried  on  the  caisson  are  as  follows,  viz : 

1  wheel,  on  axle,  confined  by  a  linchpin. 
1  pole,  under  the  stock. 
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1  single-tree,  attached  to  front  of  cheat  by  2  spring-catches  and  to  foot- 
board by  1  hook. 

2  spades,  secured  to  rear  of  chest  by  sockets  and  spring-clasps. 

2  spades,  on  rear  platform. 

1  mattock  and  1  pick  on  rear  platform,  one  point  of  each  entering  sock- 
ets on  right  side  of  chest.  The  handles  are  strapped  with  the  spades 
to  the  platform. 

3  shovels,  with  long  handles,  attached  to  the  left  side  by  metal  straps 
extending  from  the  chest. 

WBiaHT. 

Poands. 

CaissoD,  complete  with  chest,  spare  parts,  and  tools 1, 632 

Bodv,  with  2  wheels 9:i8 

Chest,  with  filling 412 

Filling 153 

Wheel 200 

BATTERY  WAGON. 

(Plate  IV.) 

PRINCIPAL  PARTS. 

The  principal  parts  of  the  battery  wagon  are — 

1  axle,  steel,  3  by  2^  inches. 

1  stock,  iron,  channel  6  by  2.25  inches  by  0.28  inches. 

2  side  rails,  iron,  angle  4  by  3  inches  by  0.375  inches. 

2  cross-plates,  Bessemer  steel,  ^-in^'h  thick. 
1  lunette,  iron,  forged. 

3  axle-straps,  iron. 

1  brake,  composed  of— 

1  crank-handle,  iron. 

1  screw,  iron. 

1  nut,  bronze. 

1  stirrup,  iron. 

1  connecting-rod,  long,  low  steel. 

1  link,  iron. 

2  connecting-rods,  short,  low  steel,  each  in  two  parts  with  coupling. 

1  brake- 1  jar,  compound,  low  steel. 

2  shoes,  wood. 

2  wheels,  ^'Archibald." 

6  bolts  for  axle-straps,  low  steel. 
6  bolts  for  attaching  chest,  low  steel. 

1  chest,  sheet  steel,  0.109  inch  thick,  except  the  lids,  which  are  0.083 
inch. 

CONSTRUCTION. 

The  partA  are  united  in  the  same  manner  as  in  the  other  metal  car- 
riages. 

The  wheels  of  all  the  carriages  are  of  one  pattern  and  are  inter- 
changeable. 

All  parts  of  the  chest  are  of  metal.  It  is  divided  longitudinally  by 
a  partition  extending  from  bottom  to  top,  and  in  each  half  are  two  cross- 
partitions  about  half  the  height  of  the  sides. 

A  till  is  formed  in  the  upper  front  part  of  the  chest. 

The  rings  on  the  exterior  are  for  lashing  supplies,  as  forage,  that  it 
may  be  desired  to  transport  without  the  chest. 
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The  cover  is  formed  of  two  lids,  hinged  to  a  ridge-piece.  The  packing- 
box  extends  along  the  outside  of  the  sides  and  ends  and  on  the  ander 
side  of  the  ridge-piece.  To  press  the  h"d  against  the  rubber  packing 
two  of  Lieutenant  Gordon's  fastenings  are  used  and  one  operated  by 
an  eccentric  turnbuckle  applied  for  trial. 

In  the  body  of  the  chest  are  to  be  packed  the  supplies  and  the  spare 
parts,  the  tools  being  placed  in  the  till  and  in  the  chest  of  the  limber. 
The  long  cross-cut  saw  is  carried  against  the  main  partition,  held  by 
three  spring-brackets. 

AMMUNITION   WAGON. 

(Plate  V.) 

The  conditions  prescribed  by  the  Light  Artillery  Board  for  this  wagon 
admitted  of  but  one  general  plati  for  its  construction. 

No  other  place  could  be  found  for  the  spare  wheels,  but  above  the 
lid,  and  they  had  to  be  so  arranged  as  not  to  interfere  with  the  removal 
of  the  top  or  ends  of  the  body.  The  parts  may  have  been  made  stronger 
and  heavier  than  necessary,  otherwise  they  appear  to  perform  well  the 
service  required  of  them. 

The  running  gear  is  that  of  the  regulation  wagon  used  by  the  United 
States  Quartermaster's  Department. 

The  length  and  height  of  the  wooden  body  was  determined  for  the 
load  it  was  assumed  should  be  carried,  taken  at  28  boxes,  or  280  rounds 
of  ammunition  for  3.2  inch  rifle,  about  5,200  pounds,  including  boxes. 

The  lid  is  in  two  parts,  of  wood  covered  with  canvas,  painted. 

The  "boards"  that  close  the  ends  are  alike. 

The  construction  of  the  body  in  all  its  details  is  shown  so  fully  and 
clearly  in  the  drawings,  that  no  further  explanation  appears  necessary. 

This  wagon,  like  all  the  experimental  artillery  carriages,  is  painted, 
as  recommended  by  the  Light  Artillery  Board,  green,  t£e  color  being 
lighter  than  the  olive  generally  used  on  artillery  carriages,  and  sup- 
posed to  a])proach  nearer  to  the  green  foliage  of  trees. 

A.  MORDEOAI, 
Lieutenant-Colonel  of  Ordnance^  Commanding. 
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Appendix   59. 


REPORT    ON    ARTILLERY    MACHINES   FABRICATED    AT    WATERVLIET 

ARSENAL. 

(i  plate.) 

WATERVLIET  ABSENAL.  K  Y. 
HAND-SLING  OART. 

My  personal  experience  during  the  late  war,  and  since,  proved  that 
the  hand-sling  cart  was  not  sufBciently  strong  to  withstand  the  weights 
it  was  frequently  properly  called  upon  to  carry ;  therefore,  when  re- 
quired twice  in  the  past  three  years  to  fabricate  a  slingcart  for  the 
use  of  the  U.  S.  Light-House  Service,  a  stronger  construction  was 
adopted. 

The  most  serious  injuries  to  the  ordnance  cart  were  the  ben<ling  of 
the  axle  about  the  center,  and  the  breaking  of  the  axle-arms  at  the 
shoulder. 

The  changes' made  are  as  follows,  viz: 

(1)  The  axle  is  increased  to  a  uniform  thickness  of  2.625  inches,  and 
depth  of  3.8  inches,  except  in  rear  of  shoulder- washers,  where  it  is  3.6 
inches. 

(2)  The  axle-arms  are  joined  to  the  body  by  curved  surfaces,  and  are 
increased  in  diameter  for  a  length  of  0.9  inch,  where  a  second  curved 
surface  is  used  to  unite  with  the  principal  length  of  arm.  This  form 
was  adopted  since  it  was  desired  to  use  wheels  on  hand  of  different 
patterns,  which  would  not  admit  of  the  hub  being  reamed  throughout 
its  length. 

For  new  constructions,  the  hub  should  be  enlarged  and  the  axle- 
arms  increased  and  given  a  uniform  taper. 

(3)  The  form  of  the  hook  is  somewhat  changed  audits  dimensions  are 
increased. 

(4)  The  cross-section  of  the  pole  is  enlarged  and  chambers  are 
omitted. 

(5)  The  pole-straps  are  increased  in  thickness  and  length,  and  ex- 
tended beyond  the  point  of  attachment  of  the  braces. 

(6)  The  diameter  of  the  braces  is  increased,  also  that  of  the  bolt  con- 
necting them  with  the  pole. 

PINCH-BAR,   &C. 

Pinch-bars,  for  use  in  mechanical  maneuvers  at  the  forts,  have  been 
made  by  me  heavier  than  those  formerly  fabricated  at  this  arsenal,  in 
order  that  they  might  conform  to  the  requirements  of  TidbalPs  Man- 
ual. About  8  inches  at  the  lower  end  of  the  bar  is  steel ;  the  remain 
der  is  stiff  iron. 
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The  sling-chain  is  that  prescribed  in  Tidball's  Manual,  page  2XJ%\ 

The  holdfast- pin  and  the  sluingchock,  shown  in  plate,  were 
fill  requisitions  for  such  articles.    The  latter  is  referred  to  in  Ti< 
Manual,  page  270. 

The  pin  is  entii-ely  of  iron ;  would  be  improved  if  made  partly 
tirely  of  steel. 

The  chock  is  of  oak  with  claws  of  iron. 

The  dimensions  of  all  of  the  above  machines  are  given  on  the 
ings. 

A.  MORDECAI, 
Lieutenant- Colonel  of  Ordtumce J  Comniandii 

Watervliet  Arsenal,  K  Y.,  1885. 
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REPORT  OF  THE  CONSTRUCTION  OF  METAL  FIELD  CARRIAGE  AND 
LIMBER  FOR  GATLING  GUN,  CALIBER  0.45  INCH,  PATTERN  1884, 
WITH  ECCLE8  FEED,  AT  WATERVLIET  ARSENAL. 

(6  plates.) 

Watebvlibt  Arsenal,  1885. 

The  general  pattern  of  the  gun  carriage  and  limber  is  shown  in 
Plate  I. 

As  the  number  of  carriages  ordered  to  be  made  precluded  the  idea  of 
an  experimental  constrnction,  care  was  to  avoid  the  adoption  of  feat- 
ures that  had  not  been  tested  in  other  metal  carriages,  or  in  regard  to 
the  utility  of  which  much  doubt  could  be  raised. 

In  designing  this  work  valuable  assistance  was  rec<  ived  from  Lieut. 
W.  B.  Gordon,  Ordnance  Department. 

The  limber,  it  is  thought,  will  be  found  to  fulfill  the  requirements  of 
the  service.  The  advisability  of  some  of  the  features  in  the  gun  car- 
riage can  be  determined  only  by  trial.  No  provision  was  made  for 
filling  the  Eccles  feed-cylinders. 

PRINCIPAL.  PARTS. 
GUN  CARRIAGE. 

(Plates  IV  and  V.) 

1  axle-steel,  2.5  by  2.25  inches. 

2  trail-plates,  mild  steel,  0.2  inch  thick. 
2  angle  irons,  iron  1.25  by  1.25  inches. 

2  trail-cheeks  reinforces,  mild  steel,  0.2  inch  thick. 

1  axle  block,  bronze. 

1  axle-strap,  iron,  forged. 

1  lunette,  iron,  forged. 

1  lunette-plate,  with  lug,  iron,  forged. 
5  transoms,  mild  steel,  0.2  inch  thick. 

2  braces,  iron. 

1  trail-seat,  steel  homogeneous,  0.1  inch  thick. 

1  trail-handspike,  l-iiich  gas-pipe. 

2  tr^il-handles,  iron. 

1  swivel  mounting,  composed  of — 

1  gun-support,  bronze. 

2  cap-squares,  bronze. 

2  cap-square  keys,  bronze. 

1  traverse-binder,  iron. 

1  elevating-arc,  low  steel. 

1  arc-binder,  low  steel,  handle  bronze. 

an 
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2  axle-chestfl,  homogeneous  steel. 

2  bottom  plates,  iron,  0.125  inch  thick. 

2  tool-blocks,  wood. 

2  sets  ctiest  linings,  wood. 

2  padlocks  and  chains,  brass. 

Catches,  steel. 

Stops,  steel. 

Bolts,  low  steel. 

Rivets,  iron. 

2  wheels,  Archibald. 

LIMBER-BODT. 

(Plates  II  and  VI.) 

1  axle,  steel,  2.5  by  2.25  inches. 

2  hounds,  iron,  angle,  3  by  2  inches. 

1  fork,  iron,  of  2  angle-bars,  3  by  2  inches. 

1  splinter- bar,  iron,  angle,  3  bj^  2  inches. 

2  foot-plates,  steel,  Bessemer,  0.165  inch  thick. 
1  ))iutle-hook,  iron,  forged. 

1  pintle-hook  key,  iron. 

1  pole  prop,  1-inch  gas-pipe. 

3  axle-straps,  flange  iron,  0.375  inch  thick. 

1  fork-strap,  flange  iron,  0.375  inch  thick,  with  eye,  iron. 

1  front  fork-strap,  iron,  0.25  inch  thick. 

1  eveuer  plate  and  pin,  iron,  forged,  0.375  inch  thick. 

1  evener-pin  brace,  iron. 

2  corner  irons,  iron,  0.375  inch  thick. 
1  pole,  wood 

1  pole-yoke,  iron. 
1  pole-key,  iron. 

1  evener,  wooil,  2  end  bands,  iron. 

2  single-trees,  wood,  2  middle  bands  and  4  end  b^nds  and  hooks,  iron. 

4  foot-plate  brackets,  iron. 
Clasps,  steel. 

Bolts,  low  steel. 

Rivets,  iron. 

2  wheels,  Archibald. 

LIMBER,   AMMUNITION  CHEST. 

(Plate  III.) 

1  bottom,  steel,  Bessemer,  0.1  inch  thick. 

2  sides,  steel,  Bessemer,  0.1  inch  thick. 
2  ends,  steel,  Bessemer,  0.1  inch  thick. 

1  top,  steel,  homogeneous,  0.1  inch  thick. 

2  partitions,  steel,  Bessemer,  0.1  inch  thick. 

1  subpartition,  steel,  Bessemer,  0.083  inch  thick. 

4  bottom,  angle-irons,  outsi<le,  steel,  Bessemer,  0.1  inch  thick. 

4  corner,  angle-irons,  outside,  steel,  Bessemer,  0.1  inch  thick. 

1  shield,  steel,  Bessemer,  0.1  inch  thick. 

4  bottom,  angle-irons,  inside,  steel,  Bessemer,  0.083  inch  thick. 

4  corner,  angle-irons,  inside,  steel,  Bessemer,  0.083  inch  thick. 

1  band,  iron. 

3  hinges,  iron. 
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2  handles,  iron. 

2  clasps,  iron. 

2  tumbuckles,  low  steel. 

liinings  to  protect  feed-cylinders,  wood. 

4  bolts,  low-steel,  to  attach  chest  to  limber-body. 

Biveta,  iron. 

1  padlock,  brass. 

CONSTRUCTION. 

CARRIAGE. 

All  the  parts  that  compose  the  stock  proper  and  all  the  minor  parts 
attached  to  it  are  united  by  rivets.  In  addition,  there  are  4  bolts  that 
assist  in  securing  the  trail-plates  to  the  axle-block  at  points  where 
rivets  cannot  be  inserted. 

T7pon  the  completion  of  the  first  carriage  a  want  of  stiffiiess  was 
fonnd  to  exist  at  the  janction  of  the  trail-plate  and  axle-block,  and  to 
overcome  this  the  trail-cheek  reinforce  was  added. 

The  axle- strap,  by  which  the  stock  is  attached  to  the  axle,  is  secared 
by  4  bolts  threaded  into  the  axle-block. 

Six  bolts  through  each  bottom  plate  secure  the  chest  to  the  axle. 
Two  of  these  bolts  pass  also  through  the  braces.  The  axle  had  to  be 
planed  where  enveloped  by  the  axle-block  and  the  chests  to  insure  a 
true  bearing. 

Four  of  the  carriages  were'  fitted  with  an  experimental  forked  trail 
handspike,  shown  on  Plate  Y. 

In  the  axle-chests  the  back,  botfiOm,  and  front  are  of  one  sheet,  bent 
cold,  six  times  parallel  to  the  axle,  and  four  times  perpendicular  to  it, 
the  latter  to  form  comer  angles  to  which  the  ends  are  riveted.  Angle 
pieces  riveted  to  the  ends  extend  under  the  bottom,  but  constitute  bands 
only  around  three  sides  of  the  axle.  The  upper  band  is  in  rear,  bent 
into  the  lower  member  of  the  hinge. 

The  lid  is  bent  double  about  three  edges,  and  from  the  fourth  is 
formed  the  upper  member  of  the  hinge.  In  these  chests  rivets  only  are 
used. 

Each  chest  contains  two  feed-cylinders,  protected  by  the  wooden  fill- 
ings. In  the  blocks  over  the  axle  and  between  the  feeds  are  placed  tools 
for  the  service  of  the  gun  and  carriage. 

In  the  right  chest  are — 
1  crank-handle  for  gun. 
1  drift. 

1  lock  screw-driver. 
1  hand  screw-driver. 
1  T  screw-driver. 
1  pin-wrench. 
1  sight,  right. 

In  the  left  chest  are — 
1  cam-extracter. 
1  riveting-hammer. 
1  oil-can. 
1  screw-wrench. 
1  sight,  left. 

On  the  stock  are  carried,  secured  by  stops  and  clasps — 
1  oscillating  lever. 
1  wiping-rod. 

4625  ORD 43 
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LUdLSER* 
BODY. 

The  fhtme  of  the  body  is  pat  together  and  secared  to  the  axle  entirdy 
by  rivets.  The  only  bolts  used  are  four, that  attach  the  pintlehook to 
the  fork. 

Where  the  hoands  and  fork  rest  upon  the  axle  the  web  is  cut  awaf 
to  the  flange.  To  compensate  for  this  the  axle-straps  are  forged  wi^ 
webs,  the  vertical  angle  of  junction  with  the  strap  being  solid.  Then 
straps,  riveted  to  both  flange  and  web  of  the  angle-irons,  restore  tbe 
strength  lost  by  cutting.  The  same  construction  is  adopted  in  the  fork- 
strap. 

On  some  of  the  limbers  the  evener-pin  is  riveted  in  the  plate ;  on 
others  tbe  two  are  forged  in  one  piece.  The  latter  plan  was  considered 
preferable. 

Ten  limbers  were  made  with  eveners  (Plate  I),  and  correspond  to  de- 
tails in  Plate  VI.  The  other  ten  had  two  single-trees,  each  attached  to 
draught-hooks  as  in  Plate  II.  The  difference  in  the  parts  can  be  readily 
understood  from  the  drawings. 

AMMUNITION  CHEST. 

As  the  chest  opens  at  the  top  and  as  all  the  ammunition  to  be  carried 
is  water-proof  in  itself,  no  packing-box  and  rubber  packing  are  needed. 
This  simplifies  much  the  construction  of  the  chest. 

No  bolts  whatever  are  used. 

The  capacity  of  the  chest  as  filled  is:  right  compartment,  132  pack- 
ages of  20  cartridges  each ;  left  compartment,  132  packages  of  20  car- 
tridges each ;  center  compartment,  4  feed-cylinders  of  104  cartridgefi 
each;  front  center  compartment,  38  packages  of  20  cartridges  each; 
making  in  all  6,444  rounds  of  ammunition. 

Provision  is  made  for  four  feed-cylinders  in  this  chest,  as  it  was 
thought  the  four  on  the  carriage  would  probably  be  found  insufficient 
If  this  be  not  desired  the  wooden  linings  can  be  removed,  and  the  space 
thus  left  will  contain  165  packages  of  20  cartridges  each,  which  would 
allow  the  chest  to  carry  9,340  rounds  instead  of  6,444. 

WEIGHT. 

FoaDdk 

Gun-carriaffe,  with  ohests  and  tools,  without  feed-cylinders ^ 

Limber  and  chest,  pattern  with  evener 754 

Limber  and  chest,  pattern  without  evener T^ 

AmmuDition  chest ^ 

One  wheel I^ 

Gun '245 

On©  feed-cylinder 1^ 

A.  MORDEOAI, 
Lieutenant' Colonel  of  Ordnance^  Commanding* 
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SHOWING  STATIONS  AND  DUTIES  OF  THE  OFFICEHS  OF  THE  ORDNANCE 

DEPARTMENT  ON  OCTOBER  1, 1885. 


Rank  and  name. 


Duty. 


Address. 


BRIOADISB^OEIIXBAI.. 

Stephen  V.  Ben^t '  Chief  of  Ordnance,  and    member  of 

ForUflcation  Board. 

COLONELB. 


1.  J,  McAllister,  brevet I  Commanding  the  Benlcia  Arsenal .   . . 

2.  8.  Criapln.  brevet |  Commanding  the  Frankford  Arsenal  . . 

3.  X.  6.  Baylor,  brevet <  Commanding  the  New  York  Arsenal, 

<      president  of  the  Ordnance   Board, 
I      and  president  of  the  Board  for  Test- 
ing Kifled  Cannon,  d.c 


UEimNAXT-OOLOirBLB. 

1.  J.  H.Whittemore 


2.  A.  B.  Bafflngton 

3.  D.  W.  Flagler,  brevet 

4.  A.  Mordecai,  brevet . . 


1. 


2. 

3. 
4. 
5. 
C. 


8. 


9. 

10. 


On  dnty  in  the  office  of  the  Chief  of 
Ordnance. 

Commanding  the  National  Armory 

Commanding  the  Rock  Island  Arsenal. 
Commanding  the  'Watervliet  Arsenal.. 


MAJOBM. 


F.  H.  Parker,  brevet Commanding  the  Watertown  Arsenal, 

and  member  of  Board  for  Testing 
RijBed  Cannon,  ibc. 
J.  P.  Farley Commanding  the  United  States  Pow- 
der Depot. 
Commanding  the  Fort  Monroe  Arsenal 

Commanding  the  Augusta  Arsenal 

Commanding  the  San  Antonio  Arsenal . 
Instructor  of  Ordnance  and  Gunnery, 

UnitiCd  States  Military  Academy. 
Commanding  the  Saint'Louis  Powder 
I      Depot 

G.  W.  McEee,  brevet i  Member  of  the  Ordnance  Board,  and 

I      member  of  Board  for  Testing  Rifled 
Cannon,  &c. 

F.  H.  Phipps Commanding  the  Kennebec  Arsenal . . . 

J.  W.  Keilly Commanding  the  Allegheny  Arsenal... 


L..S.  Babbitt.... 
W.  A.  Marye  .... 
I.  Arnold,  jr  — 
C.  Comly 


7.  J.  R.  MoGinnees,  brevet 


CAPTAINB. 


1.  J.  A.  Kress,  brevet  m^Jor. 

2.  O.  £.  Michaelia,  brevet  ... 
8.  C.  E.  Dutton 


4.  J.  G.  Bntler.. 

5.  C.  Bryant  — 

6.  A.  L.  vamey. 

7.  J.  C.  Clifford . 

8.  J.  E.Greer... 


9.  J.  Pitman . 
10.  C.  Shaler  . 


IL  H.Metcalfe... 
12.  W.  S.  Starring 
18.  C.  8.  Smith  ... 


Commanding  the  Indianapolis  Arsenal 

Assistant,  Watervliet  Arsenal 

On  duty  under  the  Interior  Depart- 
ment. 

Assistant,  Rock  Island  Arsenal 

Assistant,  Benicia  Arsenal 

Assistant,  Rock  Island  Arsenal 

Assistant,  Frankford  Arsenal 

Commanding  the  Fort  Leavenworth 
Ordnance  Depot,  and  chief  ordnance 
officer  Department  of  the  Missouri. 

Assistant,  Watertown  Arsenal 

Member  of  the  Ordnance  Board,  and 
Member  of  Board  for  Testing  Kifled 
Cannon,  &.c. 

Assistant,  Watervliet  Arsenal 

Assistant,  National  Armory 

Principal  assistant  in  the  Ordnance 
Bureau,  and  member  of  Fortifica- 
tion Board. 


Washington,  D.  C. 


Benicia,  Cal. 
Philadelphia.  Pa. 
Governor's    Island,    New 

York  City.     Post-office 

box  1449. 


Washington,  D.  C. 

Springfleld,  Mass. 
Rook  Island,  BL 
West  Troy,  N,  Y. 


Watertown,  Mass. 


Dover,  N.  J. 

• 
Fort  Monroe,  Ya. 
Augusta,  Ga. 
San  Antonio,  Tex. 
West  Point,  N.  Y. 

Jefferson  Barracks,  Mo. 

Governor's  Island,  New 
York  City.  Post-office 
box  1449. 

Augusta,  Me. 

Plttoburgh,  Pa. 


Indianapolis,  Ind. 
West  Troy,  N.  Y. 
Geological  Survey,  Wash- 
ington, D.  C. 
Rock  Island,  HI. 
Benicia,  CaL 
Rock  Island,  HL 
PhUadelpfaia,  Pa. 
Fort  Leavenworth,  Kans. 


Watertown,  Mass. 
Governor's    Island,    New 

York   City.     Post-office 

box  1449. 
West  Troy,  N.  Y. 
Springfield,  Mass. 
Washington,  D.  C. 
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STATIONS  AND  DUTIES  OF  OFFICERS,  #c.— Con  tinned. 


Bank  and  name. 


OAFTiiNB — oontinaed. 


Duty. 


14.  S.  E.Blimt Inspector  of  rifle  practioe  at  the  Head 

i      quarters  of  the  Army. 

15.  F.  Heath '..I  Assistant,  National  Armory 

16.  D.  M. Taylor,  aide-deoamp. . . ' 


17.  D.A.Lyle. 


18.  J.  Bockwell,  Jr 


19.  J.  C.  Ayres 

90.  M. W.Lyon.... 
21.  C.W.Whipple 


22,  A.  HBossell. 


FIRST  UEUTENAKTB. 


I. 
2. 
& 

4 
5. 


RBimle^jr... 
LMacNutt.... 
C.C.Morrison. 

F.Baker 

O.  B.  Mltcham. 


6.  H.D.  Borap 


7.  L.L.Bmff. 


&  C.H.  Clark 

9.  W.H.Medcalfe 


10.  William  Crosier. 

11.  W.  B.  Gordon  . . . 


12.  F.E.Hobbs 


18.  D.  A.  Howard  — 
14.  Sidney  E.  Stuart. 


OBDNAKCE  aTOBBKBBPBRS. 

Cfaptaint. 


A.  8.  M.  Morgan 
W.H.Rexford.. 

D.  J.Yoantr 

M.J.GreaUsh  .. 
V.MoNaUy 


To  the  commanding  general  division 
of  the  Paclfllo. 

On  foundry  duty,  and  member  of  the 
Board  on  Liie-Saving  Apparatus, 
Slo.,  under  the  Secretary  of  the 
Treasury,  and  member  of  Board  for 
Testing  Killed  Cannon,  AiO. 

Commanding  the  Fort  Abraham  Lin* 
coin  Ordnance  Depot,  and  Chief 
ordnance  officer  Department  of  Da- 
kota. 

Assistant,  Benicia  Arsenal 

Assistant,  Watertown  Arsenal 

Assistant  to  the  Ordnance  Board 


Commanding  the  Vancouver  Barracks 
ordnance  depot,  and  chief  ordnance 
officer  Department  of  the  Columbia. 


On  foundryduty 

Assistant,  Frankford  Arsenal 

Assktant,  Bock  Island  Arsenal 

Assistant,  Frankford  Arsenal 

Commanding  the  Cheyenne  Ordnance 
Depot,  and  chief  ordnance  officer 
Department  of  the  Platte 

On  foundry  duty 


Assistant  instructor  of  ordnance  and 
gunnery,  IT.  S.  Military  Academy. 

Assistant,  National  Armory 

Assistant  to  the  Ordnance  Board 


Assistant.  Watertown  Arsenal 

Instructor  of  philosophy,  TJ.  S.  Mili- 
tary Academy. 
On  foundry  duty 


Address. 


Washington.  D.  C. 


SprlngHeld,  ...«>^ 
Presidio,    San   Fraadfoi, 

CaL 
Boston, 

box225S. 


Fort  A.  Lincoln,  Dak. 


Benicia,  Col. 
Watortown,  Maes. 
Governor's    Island.   V«v 

York  City.    PostHiOoi 

box  1440. 
Yanoouver,  Wssh.  Tmfj. 


Cold  Spring.  K.  Y. 
PhiladelphSl,  Pa. 
Bock  Island.  DL 
Philadelphia.  Pa. 
Cheyenne.  "WyaTef'f. 


Boston,  Mass. 

box  2253. 
West  Point.  N.  Y. 


On  foundry  duty 

Instructor  of  pnilosophy,  T7.  S.  Mili- 
tary Academy. 


Springfield, 
Governor's    Island,   Ksv 

York  City.     PosUOes 

box  1449. 
Watortown,  Mass. 
West  Point.  K.Y. 

StaUon    6.    Philadrfphli. 

Pa. 
Cold  Spring.  X.Y. 
West  Point,  N.  Y. 


On  duty,  Allegheny  Arsenal |  Pittsburgh.  Pa. 


On  duty,  Indiimapolis  Arsenal 

On  duty,  WatorvUet  Arsenal 

On  duty,  Augusta  Arsensl 

On  duty  in  the  Office  of  the  Chief  of 
Ordnance. 


Indianapolis,  Ind. 
West  Troy,  N.  Y. 
Augusta,  Ga. 
Washington,  D.  Q, 


^I>I>E  N  DICES. 


P»ge. 
1: 
Statement  of  principal  articles  prooared  by  fabrication  daring  the  year 

ended  Jane  30,  1885 1 

Appxitdix  2 : 

Statement  of  principal  articles  procared  by  parchase  daring  the  yeftf  ended 

Jane  30,  1885 11 

Appxndix  3: 

Statement  of  ordnance,  ordnance  stores,  &c.,  issaed  to  the  military  estab- 
lishment, inclading  the  national  homes  for  soldiers  of  the  yolanteer  and 
regular  army,  and  ezdasiye  of  the  militia,  daring  the  year  ended  Jane 

30,  1885 25 

Appendix  4 : 

Apportionment  tor  the  fiscal  year  ending  Jane  30,  1886,  of  the  annaal  ap- 
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gun 645 

report  on  the  construction  of  metal  limbers  for  3.2  inch  B.  L.  rifles 649 

report  on  construction  of  field-carriage  for  3.2  inch  steel  breech-loading  rifle .      657 
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with  Eccles  feed 671 
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report  of  firings 81 
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Ordnance  Board  (reports) : 
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firings  with  the  Hotchkiss  mountain  gun (Appendix  13)  81 
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statement  of,  for  fiscal  year  1885 11 

Reconstruction  : 

of  8-inch  converted  rifle  No.  68,  breech  insertion 429 

Reports,  Ordnance  Board.    (See  Ordnance  Board.) 

Reports,  construction.    (<S«e  Armament  of  fortifications.) 

the  cast-iron  body  for  the  10-inch  wire-wrapped  breech-loading  rifle  (Ap- 
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32) 331 
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RsiPORTS — Continued. 
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-XMTON,  Capt.  Edward  B.  : 
design  for  carriage  and  limber  for  Gatling  gun  and  cart  for  distributing 

small-arm  ammunition  in  the  field 639 

X)W,  C.  P. : 

^_^      *"»l*of  his  nitro-glycerine  shells 103 

W  XBC-WRAPPSD  BIFLES : 

thelO-inch 159 

theia-inch  ..-, I.I.  JIJJIJ.JJJJ.  T  ."IJ.iJIlJJIII.iir 332 

l^OODBRIDOE  GUN: 

report  on  cold-rolling  steel  billets  into  wire  for 469 

""GUN: 


progress  report  on  the  8-inch  B.  L.  rifle 483 

XJLTSa  BREBCH  MBGHANI8M XXI 

4625  OBD        11 

C 


3  6105  127  309  006 


I 

f 


